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CHAPTER 1. INTRODUCTION 
Statement of Problems 
Over the past decade, architects, interior designers, and 
illumination engineers have become increasingly interested in office 
lighting design and in its impact on occupant satisfaction and 
performance. At the same time, the introduction of technologies and of 
system furnishings into the workplace has altered the thinking of 
lighting system designers. Recent office research both in the United 
States and abroad has examined the impact of lighting on people in 
various settings (Wineman, 1986; Hedge, 1982; Ellis, 1986). 
Concurrently, research has been undertaken on office-work 
environment and human-factors deficiencies seemingly related to a 
number of concerns centering around the visual display terminal (VDT) 
workplace (Smith, Stammerjohn, and Cohen, 1981; Stammerjohn, Smith, 
and Cohen, 1981; Grandjean and Vigliani, 1980; Cakir, Reuter, Schmude, 
and Armbruster, 1978; Cakir, Hart, and Steward, 1979; Becker, 1985; 
Konz, Bennett, and Miller, 1986). This research has focused on health 
complaints, job stress, VDT workstation evaluation, design factors, 
radiation, and visual fatigue. 
Although much of the research has focused on physical 
components, environmental satisfaction, and worker performance, little 
has examined either lighting as a major component of the VDT 
workplace or the impact of lighting on users. Similarly, limited research 
regarding user preference and satisfaction has been conducted on office- 
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worker attitudes towards daylighting, sunlight, and outside view (Boyce, 
1974; Louis Harris and Associates, 1980; Wineman, 1982a,1986). 
Galitz (1984) states that, if an office effectively supporting workers 
is to be developed, designers and researches must continue to improve 
their understanding of the office environment of today, of the office 
work process, and of the uses of technology in improving employee well 
being. An extension of this idea includes better understanding the role 
of office lighting in the comfort and the function of automated offices. 
A clear understanding of the relations between lighting, VDT 
workstation, and user should help architects, interior designers, and 
illumination engineers design appropriate office environments. Thus, 
the physical environment, VDT office lighting, and the user are the focus 
of this study. 
Statement of Objectives 
This study concerns the relations between users' perceptions, VDT 
work settings, and lighting conditions at VDT workstations. Specifically, 
it attempts to: 
1. investigate characteristics of lighting, including artificial 
lighting and daylight, and their role in user satisfaction with 
the VDT environment; 
2. determine the importance of lighting in relation to that of 
other attributes of the automated office setting; 
3. examine the effects of lighting on the VDT workers' sense of 
well being, i.e., the perceived level of environmental quality 
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on both subjective impressions and physical comfort of the 
work space; 
examine the perceived effects of lighting, daylight and 
artificial lighting, on the physical health of the VDT user; and 
investigate the relation between perceived and actual lighting 
conditions and standards. 
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CHAPTER 2. LITERATURE REVIEW 
Introduction 
As a result of the introduction of VDTs, many changes are taking 
place in the office environment today. The integration of VDTs within an 
office environment changes the character of work, as well as that of the 
work environment. New VDT-related tasks alter workstation design, 
ergonomic requirements, and HVAC systems, as well as lighting design 
objectives. 
In fact, with the introduction of automation and with the 
increasing number of the VDT offices, office lighting has begun to receive 
much attention in the literature. Related research has often focused on 
lighting quality, intensity, location of source, distribution, adaptability, 
and control. All factors strongly influence the performance of office 
tasks and the acceptability of work surroundings (Wineman, 1986; 
Hedge, 1982; Ellis, 1986). According to Noe Palacios, "VDT's have been in 
the office environment for a relatively short time. . . . There's still a lot 
we don't know about the interface between VDT screens and human 
vision, and the extent to which office lighting can alleviate the problems" 
(Lighting, Vision, and VDT's, 1985, pp. 26-27). 
Office design is in a continual process of development as elements 
of the office are changed and refined. This means that office designers 
need to keep abreast of current developments. Effectively integrating 
lighting, users, and changing technologies in the office environment is 
the unique concern of the office design community. 
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This chapter will provide a theoretical bases for this study as well 
as an overview of the office environment and the changes it is 
undergoing. The research discussed will concern both lighting and 
ergonomic aspects of the workstation as they relate to the development 
of automated office design guidelines and criteria. 
The first part of the chapter will focus on the physical office 
environment, namely on ergonomic principles and automated 
workstations. Next, selected literature on lighting in VDT offices will be 
reviewed so as to explain the role of lighting in the office today and to 
establish a background for the study. 
The Automated Office Environment 
Ergonomics 
Derived from the Greek, ergonomics refers to the law (nomos) of 
work (ergo). Ergonomics is an European term that, in current literature, 
is interchangeable with the term human factors. 
According to the Office of Technology Assessment (1985), 
ergonomics is the study of interactions among workers, machines, and 
workplaces. Others have defined it as the technology of work design or 
the science of adapting technology to human use or of making the office 
environment supportive of employee performance, respectively (Cohen 
& Cohen, 1983; Erb, 1987; Grandjean, 1987). According to Galitz (1984), 
human factors within the office environment is the scientific study of 
people at work. It involves a knowledge of workers' sensory, physical, 
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intellectual, and motivational attributes and their applications to the 
design of equipment, software, systems, tasks, and office environments. 
McCormick (1976) defines human factors engineering as . . the 
application of information about human beings and their capabilities and 
limitations to the design of equipment which people use and to the 
environments within which people live and work" (p. 159). And Kaplan 
defines ergonomics as "the science that fits the work place to the person, 
as opposed to the neolithic approach of trying to fit the person to the 
work place. . . . Just what is this ’fit'? . . . It is the environmental 'fit' 
of air, heat, cooling, light, and sound to support varying degrees of 
requisite physical comfort" (1982, p. 51). 
By optimizing interactions between workers and work 
environments, ergonomically designed offices can have beneficial effects 
on employee comfort, performance, and satisfaction (Francis, Dressel, 
MacArthur, and Neathammer, 1986). According to Koffler (1986), an 
ergonomically designed office supports a worker's physical, 
psychological, and social needs. It controls stress, minimizes health and 
safety risks, and increases human satisfaction by linking environment 
and worker together. The worker's relation to equipment, furnishings, 
layout, and environmental conditions is the focus of ergonomic design 
principles (Galitz, 1984). 
All too often, the man-machine system intensifies ergonomic 
shortcomings already present; indeed, Grandjean (1987) calls the 
automated workstation ". . . the launch vehicle for ergonomics in the 
office world" (p. 3). It is likely that rapid advances and changes in 
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technology will continue to pose ergonomic challenges in terms of 
sensory and mental overload, environmental problems, and constrained 
postures (Erb, 1987; Grandjean, 1987). 
The automated workstation 
A workstation is defined as an area designated for use by an 
individual worker. According to Stammerjohn et al. (1981), a 
workstation is the immediate area in which the operator works, 
including all routinely used furniture and equipment. In the office 
setting, the workstation is the basic unit of office planning and the focal 
point of attempts to integrate office systems with workers (Rubin, 1983). 
The adoption of technological advances paves the way for 
evolution of the office (Sundstrom & Sundstrom, 1986). With the 
adoption of VDTs, many office employees became part of a new man- 
machine system necessitating close physical binding to the workstation. 
And according to Pulgram & Stonis (1984), the VDT, a relatively unique 
contribution to the integrated system of workers and environments, is 
now an element basic to all office automation systems. 
Introduction of the computer into the office has had ". . . 
profound implications for office design" (Rubin, 1983, p. 1). Automated 
office equipment such as video display units has special requirements 
for lighting, terminal support surfaces, viewing distances, and work 
surfaces (Wineman, 1982b). Unobstructed under-worksurface space 
between task locations is necessary for the worker to move freely 
between tasks (Pulgram & Stonis, 1984). Relations between keyboard 
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and screen or reference materials also influence users' work methods 
(Hicinbothem, 1987). 
According to Grandjean (1987), two ergonomic problems require 
special attention when lighting is designed for offices equipped with 
VDTs: sharp luminance contrasts between a screen and its surroundings 
must be avoided, and annoying reflections on screen surfaces must be 
reduced or eliminated. The value of lighting to VDT users is noted by 
the Buffalo Organization for Social and Technological Innovation group 
(BOSTI), which claims that a high level of job dissatisfaction is evident 
among employees spending long periods at computer terminals (Brill, 
Marqulis, Konar, and BOSTI, 1985). Many of these complaints stem from 
the inability to control glare on the VDT screen or to adjust computer 
components such as keyboard and screen to proper working height and 
angle. 
The failures of workspace design to accommodate equipment 
adequately and to respond to equipment operator's needs has resulted 
in operator discomfort and impaired work performance (Wineman, 
1982b). Furthermore, the VDT has been a focus of office worker 
complaints (Rubin, 1983). 
Workstation design guidelines are now focused on the computer 
(Grandjean, 1987). Performance specifications have been provided for a 
number of critical aspects of the workplace, including furniture, lighting, 
VDT screen and keyboards, seating, and air quality (Cakir, Hart, and 
Steward, 1980; Galitz, 1984). Guidelines for workstation design 
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incorporating computers have also been issued by the National Institute 
of Safety and Health (Simmons-Forbes, 1985). 
The following section will focus on lighting in VDT offices and will 
address the issues of lighting criteria, light sources, and lighting 
considerations. The information presented will establish a basis for this 
study. 
VDT Office Lighting 
As the number of VDTs in all aspects of office automation is 
continuing to increase at a rapid rate, the introduction of automated 
workstations is beginning to affect the design of office lighting. 
"Ideal lighting conditions for the VDT are different from ideal 
lighting conditions for performing more conventional tasks, such as 
reading printed material, working with calculators and other business 
machines, or meeting with people" (Lighting, Vision, and VDT's, 1985, p. 
27). Lighting of VDTs is challenging inasmuch as a typical task has 
different lighting requirements for the screen (fairly low ambient light 
with minimum glare), the source documents and tasks not requiring the 
VDT (fairly high ambient light), and the keyboard (medium lighting) 
(Konz et al., 1986). According to Harvey, Mistick, and Laura (1984), the 
nature and extent of change required of lighting-related factors are 
related to several elements: 
1. The VDTs invoke luminous environmental characteristics. 
Their primarily vertical and self-luminous display screens 
interact with the luminaire and room surface luminance in a 
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manner that conventional, primarily horizontal, paper reading 
and writing tasks do not. 
2. Computer tasks are performed in addition to conventional 
tasks, and these very different tasks of generally equal 
importance are required to be performed simultaneously and 
in close proximity to each other. 
3. The desired illumination conditions for the two types of task 
are usually different, if not contradictory, and the 
simultaneous satisfaction of both requires carefully achieved 
compromises. 
Without adapting lighting design to accommodate these 
complexities, complaints of visual discomfort by VDT operators will 
increase. 
Lighting criteria 
Grandjean (1987) considers computer workers particularly ". 
more susceptible to constrained postures, poor photometric display 
characteristics, and inadequate lighting conditions" (p. 3). In fact, both 
the quantity of light and the perceived quality of light are important to 
office workers. According to Konz and Yearout (1987), the quality and 
the quantity of light taken into account for any office lighting design 
depend upon such factors as efficient light sources, glare, and color 
rendition. Kraemer and associates (1977) found that workers' 
evaluations of office lighting, and of office conditions in general, were 
influenced by the level of illumination at workstations and by such 
qualitative factors as lighting level, contrasts, and glare. 
Another qualitative factor, color rendition, has acquired increased 
importance with the relatively recent introduction of high-pressure 
sodium lighting in offices. But according to Wineman (1982a), the 
impact of color rendition on worker satisfaction requires further study. 
Studies of lighting's effect on individual users can be categorized 
by function. According to Ellis (1986), functional factors refer to the 
characteristics of lighting that affect either task illumination or user 
comfort. The primary functional factors found in office-lighting studies 
are summarized by Boyce (1981): 
1. Illuminance. This refers to the quality of light reaching a 
surface. Illumination in offices and other workplaces comes 
from light sources, windows, and reflections from a variety of 
objects and surfaces. If illuminance is inadequate, task 
visibility will be affected. Excessive illuminance may cause 
discomfort. 
2. Uniformity of illuminance. This refers to the extent to which a 
an entire surface or an object is illuminated evenly. A great 
degree of nonuniformity on flat surfaces will affect task 
visibility and comfort. 
3. Glare. Distinction should be made between disability glare, 
which impairs vision through direct dazzle from a light source, 
and discomfort glare, which arises from excessive contrast 
between bright and dim surfaces. Glare is the most frequent 
cause of eyestrain and headaches. 
4. Veiling reflection. This type of glare causes the part of the 
task that needs to be seen to be veiled by reflection from the 
task surface. Veiling reflections are common when glossy 
surfaces are illuminated by bright point sources located at 
acute angles from the task surface. Such reflections directly 
affect task visibility. 
5. Color properties. The frequencies of light emitted by a source 
in relation to the whole color spectrum will affect how clearly 
the eye can distinguish different colors of objects illuminated 
by the source. The color properties of the source are not 
generally a major instrumental factor, however, except in 
tasks involving fine color discrimination. 
6. Luminance ratio of work surface to surroundings. Luminance 
refers to the apparent brightness of a surface and is a product 
of illuminance (light falling on the surface) and of surface 
reflectance. Discomfort may be caused if the luminance ratio 
between worksurface and surroundings is excessive. 
Illumination Introduction of VDTs into the office 
environment poses a dilemma for workspace design because VDTs, 
which differ from most other task objects or surfaces in that they emit 
light, usually have a highly specular curved glass surface in a more 
vertical plane. These differences have important consequences with 
respect to illumination and reflection (National Research Council 
Committee in Vision, 1983). 
Office illumination and VDTs have an adversary relationship. As 
Galitz (1984) points out, by reducing the contrast of the luminous 
characters with the display background, high levels of lighting make it 
difficult to read the VDT. When ambient illumination is too high, 
contrast glare is produced. This glare tends to increase the brightness of 
the screen's background, so the contrast between characters and screen 
background is reduced (Steward, 1980; Snyder, 1983). 
For these reasons the concept of office illumination is being 
overhauled, recognizing that proper illumination is essential so that both 
VDT screen and hard copy can be read without undue visual discomfort 
or fatigue. Consequently workplaces with VDTs should incorporate a 
variety of illumination levels. Ostberg (1976) originally recommended 
that office workspaces with VDTs be illuminated at between 300 to 350 
lux. Later he modified this recommendation to 200 lux (1979). Flynn 
(1979) suggested that office spaces in which visual tasks are performed 
only occasionally (such as those of air traffic controllers or radar 
operators, whose primary task is screen viewing) be illuminated at 
between 100 to 200 lux. 
Word processing and data entry work however, require adequate 
illumination to see the task documents. Cakir et al. (1979) proposed an 
illumination range of 300-500 lux for such tasks. Stammerjohn et al. 
(1981) indicated that levels below 500 lux were not adequate for most 
VDT tasks and therefore recommended a 500 to 700 lux ambient 
illumination level. Malitz (1981) recommended an illumination level of 
350 lux, in conjunction with other glare reducing procedures. Rowe 
(1982) suggested that minimum illumination levels be lowered to 200 
lux, and Isensee and Bennett (1983) suggested that ambient illumination 
in automated offices not exceed 420 lux. 
Sauter, Chapman, and Knutson (1984) determined that satisfaction 
with lighting in general office work does not improve much at 
illumination levels in excess of the 500 to 700 lux range (desk top 
values). Because the ideal illumination level for VDT viewing as 
recommended by Kaufman and Haynes (1981) is between 50 to 100 lux, 
the higher level of 500 to 700 lux may result in visual discomfort. 
Sauter et al. (1984) recommended that ambient illumination between 
200 and 300 lux be supplemented with task document lighting allowing 
illumination within the 500 to 700 lux range. 
The Human Factors Center of IBM (1984) suggested that 400 lux 
be set as the standard for VDT operations. The Human Factors Society 
(1986), in an article outlining the proposed National Standards for 
Human Factors Engineering of Visual Display Workstations, stated that 
an illuminance between 200 and 500 lux (desk top values) is normally 
sufficient in workplaces with visual display terminals. Illumination 
Engineering Society of North America (IES) (1990) recommended that 
workplaces with VDTs be illuminated between 300 and 500 lux and that 
general lighting be no greater than 750 lux (see Table 1). 
Table 1. Development of illumination levels for offices with VDTs 
DATE SOURCE LEVEL, lux 
1976 Ostberg 300 - 350 
1979 Ostberg 200 - 350 
1979 Cakir, Hart, and Steward 300 - 500 
1979 Flynn 100 - 200 
1981 Stammerjohn, Smith, and Cohen 500 - 700 
1981 Malitz 350 
1982 Rowe 200 - 500 
1982 Isensee and Bennett 420* 
1984 Sauter, Chapman, and Knutson 200 - 300 
1984 Human Factors Center of IBM 400 
1986 Proposed USA National Standard 200 - 500 
1990 IES 300 - 750* 
* Illumination not to exceed this level. 
Glare Another factor critical to proper office lighting is glare. 
According to Oborne (1987), glare results when the brightness in one's 
field of vision is greater than that to which the eyes are adapted and 
their difference causes annoyance, discomfort, or impaired and visibility 
visual performance. 
Glare as a factor in VDT operations can be classified with respect to 
either the effect of glare, i.e., disability glare vs. discomfort glare, or the 
source of glare, i.e., direct glare vs. reflected glare (Stammerjohn et al., 
1981). According to Oborne (1987), discomfort glare may produce a 
feeling of discomfort in VDT operators without causing a concomitant 
decrease in short-range performance, whereas disability glare causes a 
decrease in performance by interfering with the ability to distinguish 
objects. Discomfort and disability glare can be caused by direct or by 
reflected light. Disability glare is not usually a problem for VDT 
operators. Direct glare is caused by sources directly visible within the 
field of view. Reflected glare (also called veiling reflectance) is the 
result of specular reflections from polished or glossy surface or of 
diffused reflections producing a veil of light that reduces contrast. 
Brown et al. (1982) summarize the aspects of glare problems in 
automated office environments: 
The design of many VDT's requires line-of-sight to be at or near 
horizontal. This elevation brings the operator's fixation point 
closer to ceiling luminaires, resulting in a greater possibility of 
discomfort glare. Exposure to large luminance differences between 
the VDT screen and some other part of the visual surround, such as 
a window or luminaire, increases the possibility of discomfort. . . . 
Glare reflected from surfaces or the VDT and ceiling reflections 
reduce the visibility of the display by reducing the physical 
contrast between characters and the screen background, (p. 127) 
Smith (1984) found that the major ergonomic complaint related to 
lighting concerned screen glare, which was observed in a great 
proportion of the VDTs examined. Perhaps this glare was the source of 
eyestrain complaints Smith received from the VDT operators. Glare was 
caused principally by poor placement of VDTs with respect to potential 
glare sources such as windows and lights and by generally poor lighting 
design for VDT use. According to Ostberg (1976), the convex, specular 
surfaces of VDT screens make it difficult to avoid reflections unless 
office lighting systems are radically redesigned when VDTs are installed. 
Stammerjohn et al. (1981) found a clear relation between glare 
and visual complaints. Both direct and reflected glare are major sources 
of health-related problems for office workers (McCormick & Sanders, 
1982): both can cause annoyance, discomfort, or temporary loss of 
visual performance and visibility. Reflections can also cause fatigue by 
forcing VDT operators to adopt unusual postures to keep reflections 
outside critical display regions on the screen (Grandjean, Hunting, and 
Pidermann, 1983). 
To be functional, lighting must be free of glare. But because glare 
increases faster than illumination level, some glare cannot be avoided at 
high illumination levels (Galitz, 1984). Isensee and Bennett (1983) thus 
suggest that maintaining office area ambient illumination below 420 lux 
will minimize discomfort glare. 
Luminance ratio of work surface to surroundings The 
distribution of luminances of large surfaces in the visual environment is 
of critical importance to both visibility and visual comfort (Grandjean, 
1987). Very great differences in luminance, which can lead to glare and 
to loss of visibility as a result of the transient adaptation process (the 
eyes' adjustment from light to dark surfaces), are subjectively 
unacceptable (National Research Council Committee on Vision, 1983). 
According to Galitz (1984), although low luminance contrasts cause 
difficulties in the distinguishing of fine details, sharp contrasts cause 
glare. 
The contrast between VDT documents and other background 
sources of high luminance in the work environment cause visual 
discomfort and fatigue (Stammerjohn, et al., 1981). Movement from 
brighter to darker areas can cause eyestrain, headache, short-term loss 
of visual acuity, and changes in color perception (Cakir et al., 1980; 
Ostberg, 1975). 
Cakir et al. (1978) base their recommendations regarding 
luminance balance between a light document and a positive contrast 
display (light characters on a dark background), or vice versa, on 
excessive initial pupillary response. The luminance ratio between screen 
and source document should accordingly not exceed 1:3. They suggest 
further that frequent excessive pupillary responses produce fatigue and 
visual discomfort. These recommendations led Cakir et al. (1979) to 
propose that great contrasts between task document and VDT screen 
luminance relate to operator discomfort and fatigue. In short, excessive 
contrasts within the operator's field of vision make it difficult to read 
the display, and visual fatigue and discomfort result from the repeated 
need for light/dark adaptation. 
It has been hypothesized that VDT operators experience vision 
difficulties when shifting from document to screen and back again. This 
hypothesis has led to the recommendation that screen-to-task-document 
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luminance ratios be between 1:3 and 1:10 (Cakir et al., 1979). The 
Human Factors Center of IBM (1984) suggests that the 1:10 upper limit 
not be exceeded and cites a preference for the narrower range. The 
Human Factors Society (1986) has, based on this empirical data, 
questioned the validity of the previously recommended maximum 1:10 
ratio of screen-to-task-document contrast. 
To limit the effects of transient adaptation and of disability and 
discomfort glare, the IES (1990) has recently suggested a 3:1 ratio 
between paper-based visual tasks and the adjacent VDT screen, a 3:1 
ratio between visual tasks (paper or VDT) and the adjacent dark 
surroundings, a 1:3 ratio between visual tasks (paper or VDT) and the 
adjacent light surroundings, a 10:1 ratio between visual tasks (paper or 
VDT) and the more remote dark surfaces, and a 1:10 ration between 
visual tasks (paper or VDT) and the remote lighter surfaces. 
Light sources 
The two principal light sources that may be utilized are natural 
light or artificial light. But the increasing requirements of task 
illuminance have created the need to use artificial lighting as the 
primary source of task illuminance throughout the entire working day 
(Longmore, 1978). "Since day lighting may severely limit the location 
and orientation of workstations and pose problems for offices with 
visual display terminals, the standard "non-innovative" lighting solution 
is artificial lighting, not daylighting" (Konz et al., 1987, p. 88). 
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Nonetheless, office workers express a strong preference for day lighting 
(Boyce, 1981). 
Artificial lighting The artificial lighting methods used in the 
office can be classified as ambient (direct/indirect), task, or integrated 
(task/ambient). 
Ambient lighting Ambient lighting is needed to provide 
a pleasant and safe working environment throughout the office, to 
provide a balance between the VDT task illuminance and its surrounding 
illuminance, and to provide some or all of the illuminance for paper- 
based visual tasks. Ambient lighting itself, however, may cause 
visibility problems (IES, 1990). 
There are two basic methods for providing ambient lighting. One 
is direct lighting, by which luminaires provide downward lighting that 
reaches the worksurface directly from luminaires (Galitz, 1984). The 
other method is indirect lighting, by which luminaires provide upward 
lighting that is then reflected off of the ceiling (Galitz, 1984). An 
alternative method for general lighting is direct-indirect lighting which 
provides both downward and upward lighting from one luminaire (IES, 
1990). 
Because of simplicity of design, ease of predicting illumination 
level from design, widespread user acceptance, efficient lumens/watt, 
and flexibility for office arrangement, direct lighting has for many years 
been the most popular method of illuminating offices (Konz et al., 1987). 
But, direct lighting has a high potential for glare on VDTs and can cause 
nonuniformity and shadows. With a direct lighting system specifically 
designed for offices using VDTs, the direction of lighting may be 
carefully controlled so that luminaire reflections are not seen in the VDT 
screens (IES, 1990). 
If properly handled, indirect lighting systems can provide a very 
even illumination level because there are no light sources to shine 
directly on worksurfaces, VDT screens, or other surfaces (Achieving 
Optimum Comfort for Office VDT Operators, 1987). Thus, IES (1990) 
states that for effective indirect lighting, the ceiling should be evenly 
lighted and no bright spots or severe brightness differences should be 
seen. 
To reduce glare and yet retain the information patterns of light 
and shadow, a combination of indirect and direct lighting may produce 
the best results (Konz et al., 1987). According to IES (1990), combining 
direct lighting and indirect lighting in one luminaire can create a well- 
balanced, energy-effective luminous environment. Because a large 
proportion of the light comes directly from the lamp and no internal 
interreflectance occurs, direct-indirect luminaires are usually greatly 
efficient. 
Task lighting Task lighting is accomplished by directing 
light from ceiling sources towards the workstation, building light sources 
into the workstation, or providing free-standing or attachable desk top 
lamps (Galitz, 1984). Local task lighting may also provide comfortable 
lighting with low power input (Galitz, 1984). 
The need for task lighting has been generated by the movement 
towards open-office planning and modular furniture systems. Task 
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lighting, which is designed for a specific work area, seems a desirable 
alternative in combination with reduced ambient light levels. It is 
particularly useful for lighting the work surfaces of systems furniture 
that, because of shadowing effects of vertical partitions, shelves, and 
cabinets incorporated in the furnitures, often do not receive enough light 
from the general lighting system. 
General lighting from the ceiling tends to light the entire work area 
fairly evenly; this usually results in too much light and glare on screen 
and too little on nonscreen tasks. In task lighting, the amounts of light 
on screen and nonscreen tasks and on the keyboard are tailored to each 
task (Konz et al., 1986; IES, 1990). 
Integrated lighting Another lighting method used in 
open-office designs is task/ambient. This system attempts to provide 
sufficient levels of illumination on work surfaces by using task lighting 
and generally lower levels of illumination from supplemental luminaires 
in nonwork areas, that is, in areas surrounding the immediate task 
(Galitz, 1984). 
The needs for increased visual comfort and improved economy 
have created an interest in task/ambient lighting in the automated office 
(Galitz, 1984). Fabbri (1980) proposed integrating task lighting with 
indirect ambient lighting units to reduce energy costs and implied that 
proper placement of light sources will significantly reduce discomfort 
glare. 
Preference of lighting system A number of studies 
have been conducted on worker preference for lighting systems. 
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Harvey et al. (1984) found that VDT operators preferred indirect 
over direct lighting sources. The mean illumination levels at the task 
document for 3 lighting conditions were direct (415 lux), indirect with a 
single lamp (415 lux), and indirect with a double lamp (520 lux). Task 
document lights were not used. The order of operator preference was 
indirect with a double lamp, indirect with a single lamp, and direct. 
When examining VDT screen to document luminance under low 
ambient light conditions, Miller (1985) found that operators preferred to 
use a document task light. Kenderick and Harris (1985) also examined 
mean illumination at the task document for three conditions: direct (510 
lux), indirect (120 lux), and indirect plus task document lighting (1030 
lux). VDT operators preferred indirect with task document lighting over 
direct lighting. The indirect source alone (which provided only 120 lux 
at the task document) was least preferred. 
In another study (Bennett, 1986), illumination falling on the task 
document was 750 lux for a kiosk with task light, 650 lux for a diffuse 
ceiling lighting and 590 lux for a louvered ceiling lighting conditions. 
Operators of VDT preferred direct lighting without a task light over 
indirect lighting with a task light. No preference between 650 or 590 
lux was reported. Operators stated only that indirect lighting with a task 
light was too bright. The study concluded by stating that this seeming 
preference was influenced by the brightness of the lighting levels and 
not by the ambient illumination source. 
Ellis (1986) conducted a comparative study of worker satisfaction 
with overhead direct lighting systems, a combination task/ambient 
lighting system, and an indirect uplighting system. Higher levels of 
satisfaction occurred with task/ambient and indirect uplighting schemes 
than with direct overhead illumination. 
Although VDT operators often prefer indirect with task lighting 
over indirect lighting alone, well designed direct or indirect lighting is 
also a good solution. According to Kohn (1988), an overriding factor may 
be other architectural or design objectives. Good lighting must not 
simply avoid glare and adaptation problems, but also must provide a 
pleasant lighting environment, a sense of psychological well-being, and a 
space in which architecture, interior design, and lighting blend to 
achieve mutual design objectives. 
Natural daylight Natural lighting and a view outside are 
important factors contributing to environmental satisfaction in offices 
(Boyce, 1974; Farrenkopf and Roth, 1980; Goodrich, 1979; Louis Harris 
and Associates, 1980; Wineman, 1978). Research suggests that natural 
lighting is desired by workers, independent of its contribution to task 
visibility. Boyce (1981) reviewed several studies of office worker 
attitudes toward daylight, sunlight, and view. Generally, these studies 
found that office workers express a strong preference for daylight as a 
method of lighting offices. In a study of a small sample of office workers 
in a Detroit design firm, Wineman (1978) found that although they were 
satisfied with quality and quantity of light on the work surface, they 
expressed desires for a better outside view and for more natural 
lighting. According to Konz et al. (1987), although the quantity of light 
from daylight is restricted for many workstations, the quality (color and 
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aesthetics) is high. Goodrich (1979) also suggested that "such things as 
the color, the temperature, the variation of natural light, its soft texture 
and its ambience are important but neglected factors of lighting" (p. 9) 
inasmuch as they contribute to the desirability of natural lighting. 
Natural illumination is not a significant contributor to light levels 
at distances from the window greater than twice the height of the 
windows above the floor (Crouch, 1978). But Wells (1965) found that if 
lighting levels are kept fairly constant from the window wall to the 
interior of a space (by compensating to some degree with artificial 
illumination), workers will grossly overestimate the amount of natural 
light reaching their work surface. Because of the high positive value 
associated with natural light, constant lighting levels from the window 
wall to the interior of a space would positively affect workers' 
evaluations of lighting quality. He also stated that workers think 
daylight is better for the eyes than is artificial light. In his study of 
attitudes toward daylight, sunlight, and view, Markus (1967) found that 
95% of subjects preferred to work by daylight. Satisfaction depended 
heavily upon the daylight available at the working position: those 
nearer windows were much more satisfied than were those farther 
away. Subjects closest to the north-west and north-east walls were less 
satisfied with the daylight available than were subjects closest to the 
south-west and south-east walls (Boyce, 1981). Goodrich (1979) has also 
found that people whose office location is close to windows rate the 
quality of lighting higher than do people located far from windows. 
26 
In addition to providing natural lighting, windows provide visual 
relief and relaxation, and contact with the exterior world. They may also 
reduce perceived crowding (Elder, Turner, and Rubin, 1979; Farrenkopf 
and Roth, 1980; Goodrich, 1979; Wineman, 1982a,1986). 
However attractive from aesthetic and emotional points of view, if 
not properly controlled, daylight can present problems in an office 
environment. According to IES (1990), such problems arise because of 
the great illuminance often encountered from windows and from 
skylights. This brightness can be particularly troublesome in 
conjunction with VDT tasks, for two reasons. 
1. A window in the field of view can cause unacceptably high 
luminance ratios between VDT screen and window. 
2. Windows or skylights may be reflected in the VDT screen, 
thereby causing glare with consequent distractions and loss of 
contrast, (p. 20) 
Galitz (1984) and Grandjean (1987) both suggest that blocking 
daylight illuminance and controlling window illuminance are solutions to 
excessive illuminance. 
The integration of artificial light with daylight Orientation 
with respect to the sun, shading devices, type of glass, and amount of 
daylight/artificial light integration are important factors. Longmore 
(1978) stated that although natural and artificial light serve different 
functions, they can be compatible and complementary. Each can and 
should be used to compensate for the deficiencies of the other. In most 
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buildings in which daylight is inadequate as a source of working 
illumination, the designer should aim to use daylighting and artificial 
lighting together. According to Ne'eman (1983), the best known method 
for achieving such integration is through the Permanent Supplementary 
Artificial Lighting in Interior (PSALI) concept, which "is based on the 
assumption that daylight is the dominant source and is supplemented by 
electric lighting deeper in the interior." 
Furthermore, the major objective of supplementary light is to 
reduce the contrast between the bright daylighted windows and 
relatively dim areas deeper in the interior. By controlling the 
luminance ratios for the entire area, one can avoid glare and thus 
optimize the quality of the visual environment. However, this 
design does not necessarily provide the most energy-efficient 
solution, (p. 69) 
Lighting considerations 
The explosion of computer usage in office environments has 
generated considerable hopes for increased productivity among white 
collar workers and has increased concerns among them about health 
effects of VDTs, job displacement, and deskilling (requiring the employee 
to use fewer skills than she possesses) (Becker, 1985). Popular books 
(e.g., Makower, 1981) and scientific reports (e.g., Cakir et al., 1980) have 
identified a number of concerns and problems, but recent reports 
suggest that the VDT itself is not the primary cause of discomfort 
(Dainoff, 1982; Howarth and Istance, 1985). 
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According to Knave (1983), complaints from employees may be 
related to many physical, chemical, and/or ergonomic exposure factors, 
of which work lighting is only one but nonetheless an important factor. 
According to Galitz (1984), poor or improper lighting can cause eyestrain 
or headaches, whereas good lighting can increase productivity. Occupant 
satisfaction and work performance should be among the primary goals 
of office lighting system designing (Gillett, 1987). 
Worker satisfaction Worker dissatisfaction with the office 
environment is increasing (Davis & Szigeti, 1986). This dissatisfaction 
may stem from any of a number of factors, including length of time 
spent in the office or workstation, work load, computer usage, 
environmental conditions, personal disabilities, or inadequate or 
inappropriate use of furnishings and equipment. The research of 
Marans and Spreckelmeyer (1982) demonstrates the close relation 
between satisfaction with the immediate workplace and satisfaction with 
the work environment in general. 
A number of surveys of office workers have shown that lighting of 
the workplace is one of the most important factors contributing to 
comfort and satisfaction (Elder et al., 1979; Farrenkopf and Roth, 1980; 
Goodrich, 1979; Louis Harris and Associates, 1980; Kraemer, Sieverts, 
and Partners, 1977). According to Wineman (1982a, 1986), lighting, 
which is rated satisfactory by most workers surveyed, is one of the most 
important features affecting worker satisfaction with the work 
environment. Moreover, daylighting and view are also important factors 
affecting workplace satisfaction. 
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One study found that 85% of those questioned believed that good 
lighting was primary factor affecting comfort at the workplace (Louis 
Harris and Associates, 1980). Studying the use of systems furniture 
among federal office workers, Quinan, Clayton, Allessi, Mandel, and Brill 
(1982) found that lighting is one of the factors affecting environmental 
satisfaction among workers. A Westinghouse study conducted by 
Francis et al. (1986) also identified lighting as a factor affecting 
environmental satisfaction among workers. Hardy (1974) conducted a 
study of 12 environmental factors affecting worker environmental 
satisfaction: good lighting ranked first in importance, followed by good 
ventilation, comfortable temperature, and ample space. 
Worker productivity (performance) Productivity, which is 
defined as ". . . the amount of work that is accomplished in relation to 
cost" (Cohen & Cohen, 1983, p. 19), is a critical issue in offices today. 
Considered the only true measure of an office system's success, it is also 
the most difficult criterion to measure (Galitz, 1984). 
Research has been conducted to address the relation between 
office design and worker productivity (see Brill et al., 1985; Francis et 
al., 1986), and many agree that the relation is positive between office 
design and productivity (see Francis et al., 1986; Tarquini, 1986). One 
study revealed that 74% of office workers surveyed felt that they could 
be more productive if their work environment was improved (Louis 
Harris & Associates, 1980). In the same study, office workers recognized 
that their performance could be affected by the provision of proper 
furnishings (lighting, work surface, chair, and storage space). 
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According to Boyce (1981), lighting can affect the performance of 
work in two ways: 
It can do so directly by changing the physical characteristics of the 
task and/or by varying the operating state of the visual system; 
the combined effect being to alter the visibility of the task. 
However, lighting can also influence the performance of work 
indirectly (i.e., without altering the visibility of the task). This 
indirect influence of lighting can occur either because of 
distraction, or because of a change in the general level of activation 
of the individual, or because lighting affects mood and hence 
motivation, (p. 222) 
Illumination affects performance to the degree that adequate 
levels of lighting are present or absent and to the degree that the 
individual needs to see what he or she is doing. Illumination levels 
preferred may be several times higher that those actually needed for 
good visual and task performance (McCormick & Sanders, 1982). Boyce 
(1974) noted that as illumination increases, visual acuity increases. 
Bennett (1986) also reported that higher levels of lighting allow for 
greater accuracy and for speedier performance of visual tasks, but that 
very high levels of illumination can actually inhibit performance. 
Barnaby (1980) conducted a systematic study of workers 
performing an office task under three levels of illumination: 50, 100, 
and 150 footcandles. Productivity and accuracy seemed to increase at 
higher levels of illumination. Moreover, workers evaluated the higher 
illumination levels as more satisfying and reported that they were under 
less stress, were more productive, and were more motivated in their 
work. 
In Humanizing Office Automation, additional studies were cited to 
reveal the performance improvements that resulted from properly 
designed lighting (Galitz, 1984). Furthermore, in recognition of the 
importance of lighting, the planning committee acknowledged the 
continuing need to develop a more inclusive approach to research on the 
potential effect of the new office environment on productivity (Dolden 
and Ward, 1986). 
Aesthetics Lighting does more than simply make objects 
visible. To a great extent, an office space's visual impact that affect 
well-being, interest, and enthusiasm, depends upon the composition of 
light in terms of both perceived luminance and color variations (IES, 
1990). 
Lighting in a space inevitably contributes to subjective impressions 
of that space (Boyce, 1981). Research into these impressions has 
discovered trends relating various lighting environments to the 
subjective responses to these environments (Flynn, Hendrick, Spencer, 
and Marty nick, 1979). 
Laboratory research (Flynn et al., 1973; Hawkes, Loe, and 
Rowlands, 1979) on responses to lighting design indicates that people 
find settings with more than one type of lighting and light source more 
interesting than those in which there is repetitive use of illumination 
from a single source. A complex variety of focused, directional light 
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sources is preferred. Moreover, aesthetics is not determined by 
illumination level, but by variation of that level. Bennett, Ali, 
Perecherla, and Rubison (1979) conducted two lighting aesthetic studies 
confirming the results of Flynn et al. (1973). In 1979, Flynn et al. 
confirmed their earlier findings regarding procedures for measuring 
subjective impressions of lighting aesthetics. 
Studies of the different ways in which lighting affects individual 
users can be characterized by the aesthetic factors with which they are 
concerned. According to Ellis (1986), aesthetic factors are nonfunctional 
characteristics nevertheless figuring prominently in users' general 
evaluations of lighting. Two primary aesthetic factors are color and 
general room appearance. 
1. Color. Apart from an instrumental value, the color of light 
emitted by a source has an aesthetic significance. But the 
major determinant of office color is interior design. Light 
source typically plays a relatively minor role. (Boyce, 1981, p. 
317). 
2. General room appearance. The principal way in which a 
lighting scheme can affect the appearance of a room, apart 
from color properties, is in the way the general distribution of 
light creates contrasts between bright and dim areas. Room 
contrasts become critical when nonuniform lighting is in use. 
Some studies have shown that a modicum of room contrast is 
pleasing and interesting to users, but that excessive contrasts 
can create gloomy and therefore aesthetically unacceptable 
interiors (Hawkes et al., 1979). 
Health aspects There has been increasing interest in office 
work-environment and human-factors deficiencies that are seemingly 
related to a number of work-satisfaction concerns and health complaints 
among office workers (OTA, 1985). According to Smith et al. (1981), a 
focus of work discomfort in the office environment is computerized 
technologies and their implications for job design and work comfort. The 
rapid introduction of VDT/computer technology has produced a myriad 
of environmental conditions that may impede human performance and 
cause stress (Smith, 1984). 
A number of field studies of VDT operators in Europe and in the 
United States have identified a wide range of health complaints related 
to inadequate environments, e.g., improper lighting and environmental 
glare, workstations, jobs, and organizational designs (Grandjean and 
Vigliani, 1980; Cakir et al., 1978,1979; Smith et al., 1981; Stammerjohn 
et al., 1981; Dainoff and Happ, 1981; Smith, 1984). According to 
Wineman (1982b), environmental factors identified as potential 
contributors to discomfort include glare, background-to-surrounding 
contrast ratios, gaze, and keyboard height. Lighting is an especially 
critical area. 
Many problems related to lighting in VDT workplaces have been 
caused by the introduction of VDTs into offices in which lighting was 
originally designed for traditional desk top work (National Research 
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Council Committee on Vision, 1983). But, the design of most VDTs 
creates new geometrical relations between working surfaces and light 
sources; thus, unless appropriate modifications in workplace lighting are 
made, operators may experience problems with glare, images reflected 
by the VDT screen, and reductions in visibility of the display image 
(National Research Council Committee on Vision, 1983). Ostberg (1975) 
estimated that the use of VDTs under typical office lighting conditions 
will result in discomfort for up to half of all users. 
v Although poor visual conditions can cause headaches, fatigue, and 
similar ailments, other aspects of VDT work can cause them as well. The 
results of several field surveys indicate that many VDT operators report 
annoyance with general workplace lighting, glare, and images reflected 
by the VDT screen, and some of the same operators report ocular 
discomfort or visual impairment (blurred or flickering vision and double 
images) that they attributed to VDT work (Smith, 1984; Dainoff and 
Happ, 1981; Hultgren and Knave, 1974; Cakir et al., 1978; Stewart, 1980). 
In a symposium report by the National Research Council of the National 
Academy of Sciences (Brown, Dismukes, and Rinalducci, 1982), visual 
fatigue is cited as the most common complaint expressed by VDT 
operator. According to Smith, 80%-90% of the complaints associated 
with VDTs are visually related (Lighting, Vision, and VDTs, 1985). In 
an earlier study conducted by Smith et al. (1981), VDT operators 
reported experiencing high levels of anxiety, depression, and fatigue. 
Among clerical VDT operators, 80%-90% reported eye or muscle strain. 
Dainoff (1982) documented in a review of research that higher levels of 
eye strain and of musculoskeletal discomfort were reported among VDT 
operators than among non-VDT operators. "Glare from too many 
fixtures, glare from poor placement of the VDT vis-a-vis the overhead 
lighting, and inadequate contrast levels were the most frequently 
reported problems" (Wineman, 1986, p. 127). Ostberg (1976) stated that 
bad lighting leads to various forms of eye strain and that people 
suffering from migraine and exhibiting binocular instability dislike high 
lighting levels and glare. A survey of VDT operators has revealed 
complaints of eyestrain, muscular aches and pains, and more general 
reactions such as fatigue, irritability and headaches (Cakir et al., 1979). 
The IES (1990) summarizes in the following statement health 
concerns related to VDTs: 
VDT work can be visually difficult. Poor quality displays may 
produce small, blurred, or indistinct images. The VDT may be 
operated in an environment where high luminance areas appear 
on or adjacent to the display. The work place may be arranged in 
a way that the operator must focus at distances that cause the 
visual system to adapt to rapid changes in luminance. If any or all 
of these conditions occur with the VDT installation, then eyestrain 
can be expected to occur. VDT work places are not always 
designed with consideration for correct posture which may give 
rise to complaints of aches and pains. There may also be an 
interaction between the visual requirements of VDT work and 
posture. For example, high luminance reflections in the display 
screen may cause an operator to adopt an unusual posture to 
36 
minimize the affect. Maintaining such a posture may lead to aches 
and pains. Another situation that can produce this effect occurs 
when viewing distances cause the operator to adopt an 
uncomfortable posture to achieve the appropriate focus, (p. 23) 
Design recommendations Serious attention to office system 
lighting is required due to its potential impact on worker productivity 
and health. And as Galitz (1984) points out, "the increasing complexity 
of office lighting also requires greater involvement of lighting 
consultants, since proceeding in ignorance may cause more harm than 
good" (p. 204). 
The illumination environment in which a VDT is used can never be 
considered independently of the characteristics of the device itself 
and the task being performed. Hardware considerations, such as 
the brightness of the display screen, the use of glare-reducing 
filters, and rotatable and tiltable display screens, also play an 
integral role in any solutions. So do such characteristics as 
whether a person will be using a VDT exclusively or part time, 
whether or not paper-based materials must be read, and so forth. 
Environmental solutions should also not be viewed as the solution 
to problems caused by poor system design. Situations that force a 
person to look many thousands of times a day between the display 
screen and source materials are better addressed by improving the 
system. Lighting solutions will only alleviate a symptom, not 
address a cause. (Smith, 1984, p. 197) 
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But in the creation of new lighting design standards or design 
objectives, many old concerns still apply. In general terms, lighting 
design should still facilitate visual performance, comfort, and a 
psychologically and aesthetically pleasing environment. In specific 
terms, lighting design should still limit both direct and indirect glare, as 
well as control luminance both in the immediate task area and within 
the dynamic field of view (Kohn, 1988). 
The American Society of Safety Engineers (1985) acknowledged 
age and visual acuity, in addition to type of office and of task, as factors 
important in determining good lighting conditions. Recommendations for 
lighting the office environment are made in several publications (see 
American Society of Safety Engineers, 1985; Kaufman & Haynes, 1981; 
Lighting, Vision, & VDT's, 1985; Rubin, 1986; Galitz, 1984; National 
Research Council Committee on Vision, 1983; Grandjean, 1987). There 
are many lighting codes used throughout the building industry and a 
variety of information contained in each. Two of the most widely used 
are the CIE Guide on Interior Lighting (1975) and the IES of North 
America Lighting Handbook (19871. 
In general, the number of criteria used in lighting recommendations 
has increased over the years. This is exemplified by the IES 
(Illuminating Engineering Society) standard. Criteria now included are 
illuminances on the task, glare index, and a range of light sources. In 
addition, criteria are given for the uniformity of illuminance across a 
space, the range of reflectances suitable for room surfaces, and the 
relative illuminances on those surfaces. 
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Conclusion 
This section has reviewed the literature related to VDT lighting in 
general. A matrix of these literature sources, related to the lighting of 
offices incorporating VDTs classified by lighting issue, is presented in 
Table 2. This literature review has identified the major issues of lighting 
condition, visual display terminal (VDT) worksetting, and user and has 
summarized the relevant literature. VDT lighting has been discussed in 
sections pertaining to lighting criteria, lighting sources, and lighting 
considerations. Recent advances and likely future changes in office work 
environments, in office lighting design, and in office workers have 
enormous implications for architects, interior designers, and illumination 
engineers. As noted in the introduction, few studies have examined 
either lighting as a major component of the VDT workplace or its impact 
on users. To develop an office effectively supporting workers, designers 
must continue to improve their understanding of the office environment 
today, of the lighting required by both worker and VDT worksetting, and 
of the uses of technology in promoting employee well-being. A clear 
understanding of the relations between lighting, VDT workstation, and 
user should help architects, interior designers, and illumination 
engineers design appropriate office environments. Thus, the physical 
environment, VDT office lighting, and the user are selected as the focus 
of this study. 
The following chapter presents a discussion of the subjects 
selected, the survey instrument, and the collection and analysis of data. 
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Achieving Optimum Comfort 
for Office VDT Operator 
(1987) X 
American Society of Safety 
Engineers (1985) X 
Bamaby (1980) X 
Becker (1985) X X 
Bennett (1986) X  X 
Bennett et al. (1979) X 
Boyce (1974) X X 
Boyce (1981) X X XX 
Brill et al. (1985) X X 
Brown et al. (1982) X 
Cakir et al. (1978)  X 
Cakir et al. (1979) XX  
Cakir et al. (1980) X XX 
Cohen & Cohen (1983) X 
Crouch (1978) X 
Dainoff & Happ (1981) X 
Dainoff (1982) X 
Davis & Szigeti (1986) X 
Elder et al. (1979) X X 
Ellis (1986) XXX 
Fabbri (1980) X 
Farrenkopf & Roth (1980) X X 
Flynn (1979) X 
Flynn et al. (1973) X 
Flynn et al. (1979) X 
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Grandjean & Vigliani (1980) 
Grandjean (1987) 
Grandjean et al. (1983) 
Hardy (1974) 
Harvey et al. (1984) 
Hawkes et al. (1979) 
Howarth & Istance (1985) 
Hultgren & Knave (1974) 
Human Factor Society (1986) 
Human Factors Center of IBM 
(1984) 
IES (1990) 
Isensee & Bennett (1983) 























Konz et al. (1986) 
Konz et al. (1987) 
Kraemer et al. (1977) 














































































































































Louis Harris & Associates 
(1980) X XXX 
Makower (1981) X 
Malitz (1981) X 
Marans & Spreckelmeyer 
(1982) X 
Markus (1967) X 
McCormick & Sanders (1982) X x 
McCormick (1976) X 
Miller (1985) X 
National Research Council 
Committee on Vision 
(1983) XX XX 
Ne’eman (1983) X 
Obome (1987) X X 
Ostberg (1975)  X 
Ostberg (1976) X  
Ostberg (1979) X 
OTA (1985) X 
Quinan et al. (1982) X 
Rowe (1982) X 
Rubin (1986) X 
Sauter et al. (1984) X 
Shackle (1983) X 
Smith (1984)  X 
Smith et al. (1981) X 
Stammerjohn et al. (1981) XXX X 
Steward (1980)   









































































































































Snyder (1983) X 
Tarquini (1986) X 
Wells (1965) X 
Wineman (1978) X 
Wineman (1982a) X X X 
Wineman (1982b) X 
Wineman (1986) XXX 
CHAPTER 3. METHODOLOGY 
A case study was the method selected to evaluate the perceived 
relations between users, VDT work settings, and lighting conditions. 
Based on the objectives of this research and on the information 
uncovered in the review of literature, five hypotheses were developed 
for testing. After presentation of these hypotheses, the subject selection 
process will be discussed, as well as the survey instrument and data 
collection and analysis procedures. 
Statement of Hypotheses 
In keeping with the objectives of this research, the following 
hypotheses were formulated and addressed: 
1. Quality and quantity of lighting (daylight and/or artificial 
lighting) conditions affect VDT user satisfaction with the 
workplace environment. 
2. The VDT user perceives lighting as an important component in 
relation to other attributes of the automated office/ 
workstation. 
3. Proper lighting (daylight and/or artificial lighting) positively 
affect the VDT user's sense of well being (i.e., the perceived 
level of environmental quality). 
4. If the VDT user perceives visual related discomforts while 
working in his/her automated office/workstation, these visual 
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related discomforts are positively related to lighting 
conditions. 
5. There is a positive relation between perceived lighting 
conditions and actual lighting conditions, and standards. 
Setting 
The Durham Computation Center at Iowa State University was 
selected as a case study of the perceived relations between lighting, VDT 
workstation, and user in an integrated context. This new building 
provides an ideal research opportunity because almost all office and 
workstations were planned for and are equipped with computers. The 
floor plans of this building are provided in Figures 1, 2, and 3. 
Nine criteria were developed as a basis on which to select spaces 
from a wide range of offices (see Appendix B for the statement 
associated with each criteria on). This criteria include window 
orientation, computer use frequency, typical computer use duration, 
computer task, computer location, job type, employee tenure, age, and 
gender. From among the nine criteria, that of window orientation was 
selected and used to determine sample groups. 
Accordingly, 47 (52 workstations) of the 58 office work spaces in 
the Durham Computation Center were selected for study. They were 
classified in terms of orientation: 17 office spaces (19 workstations) on 
the east side of the building; 12 office spaces (14 workstations) on the 
west side; 7 office spaces (8 workstations) on the south side; and 11 




































































































































office workstations were recruited to participate in the study. 
Research Instrument 
A multimethod approach was used to analyze space in terms of 
light quality and quantity. The methods included written survey, direct 
measurements, and indirect measurements. 
The questionnaires 
The survey was incorporated into two questionnaire formats (see 
Appendix B for the complete questionnaire). 
Preselection questionnaire The initial preselection 
questionnaire was developed to select a sample of workers as a basis for 
additional research. Eight background-type questions made up the 
questionnaire. Questions concerned 1) patterns of computer use: 
frequency of use, usual duration of use, and type of tasks done; 2) 
individual automated workstations: location of the computer 
workstation and placement of computer; and 3) demographic 
information: user job, age, gender, and, tenure of employment. 
The background information collected can be regarded as 
mediating variables or limitations potentially influencing worker 
perceptions. It can be useful in both interpretation and evaluation of 
major results with the survey hypotheses. 
Questionnaire In the second questionnaire, five types of 
questions were developed to examine user perceptions of the lighting 
characteristics in his/her automated office or workstation and their 
relations to the VDT user. 
The first type of question concerned overall visual and luminous 
environments: perceptions of artificial lighting, daylighting, and 
windows and their influence on satisfaction. Subquestions 4-10 probed 
perceptions of lighting adequacy, comfort, and control in relation to the 
computer workstation. Subquestions 18, 20, 21, 25 probed attitudes 
towards windows and daylight. Subquestions 3 and 11 probed 
satisfaction with lighting, as well as desire to improve lighting 
conditions. 
The second type of question (questions 16 and 17) focused on the 
importance of lighting relative to other office setting attributes. 
The third type of question related specifically to the effects of 
lighting as a medium affecting the user's sense of well being. 
Subquestions 12-15 requested subjective impressions of present work 
space: for example, attitudes towards lighting in the room, lighting on 
the written materials, patterns of light/shadow, and general impression 
of the room. Subjective assessments were made with 16 semantic 
differential scales, using seven blocks between bi-polar adjective pairs 
of words. 
The fourth type of question concerned perceived effects of lighting 
and of windows on the physical health of VDT users. Subquestions 22, 
22a, 23, and 24 identified visual related discomforts experienced and, if 
any, how often they occurred, to what users attributed them, and 
contributing lighting factors. 
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The final type of question (questions 1 and 2) addressed the 
physical work environment of individual automated workstations; that 
is, location of the workstation and placement of the computer. 
Direct measurement and indirect measurement 
Direct measures of the physical environment were made 
principally to test the hypotheses and to provide objective comparison 
for any effect appearing in the subjective responses. 
Actual light readings were taken in office spaces at different times 
of the day during a specific month (November). These included such 
measures as worksurface illuminance, screen illuminance, task- 
document illuminance, keyboard illuminance, and background 
illuminance. While hour of day, time of year, and sky condition are all 
important factors to consider, this thesis was able to considered only 
hour of day and sky condition. 
A Gossen Panlux electronic light meter was used to measure light 
level. This meter has a selenium photoelectric cell, color- and cosine- 
correction filters, a multiplier switch and resistor, and a micrometer. 
Indirect measurements from drawing analysis and environmental 
observations were employed to provide basis information regarding 
lighting/workstation features. 
Data Collection 
Preliminary testing procedure 
Pretesting of the second questionnaire was done using 10 faculty 
and staff of the ISU College of Design as subjects. The primary objectives 
of this pretesting were to determine whether the questionnaire could be 
completed without major problems, to identify grammar errors in 
questions or responses, to determine the average length of time required 
to complete the questionnaire, and to identify either inappropriately 
worded responses or questions lacking appropriate or complete 
responses. 
The pretest identified a few typographical, word choice, and 
grammar errors, all of which corrected. Length of time required to 
complete the questionnaire ranged from 5-15 minutes, with 10 minutes 
being average. 
The questionnaires 
On October 19, 1990, preselection questionnaires with cover letter 
were distributed through ISU campus mail service to volunteer workers 
from selected work spaces. The cover letter explained the importance of 
the study and the involvement required of each subject (see Appendix A 
for letter).. One week was allowed for workers to answer the 
questionnaire and to return it through campus mail to the researcher. 
At the same time, workers received a follow-up telephone call to 
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confirm their participation. Of the 52 questionnaires distributed, 47 
completed forms (90 percent) were returned. 
Based on the preselection questionnaire, a second questionnaire 
with cover letter were distributed through campus mail on October 29, 
1990 to those agreeing to participate. The cover letter explained the 
importance of the study and the involvement required of each subject 
(see Appendix A for letter). Workers were given five working days to 
complete the questionnaire and to return it to the researcher through 
campus mail. 
By the end of the five day period, 36 of the 47 questionnaires 
distributed were returned (77 percent). At that time, follow-up 
questionnaires were sent to the eleven subjects not yet responding. Five 
days were allowed for workers to complete and to return the second 
questionnaire. The follow-up procedure brought in an additional eight 
questionnaires. Thus, of the 47 questionnaires distributed, 44 
questionnaire were returned (94 percent) by the end of the data- 
collection period. All 44 questionnaires were available for data analysis. 
Direct measurement and indirect measurement 
Recordings of light levels were made three times a day, at 9:00 
A.M., 1:00 P.M., and 5:00 P.M., from November 5-November 16, 1990, 
whenever exterior light and weather conditions were clear. Because 
each reading required about 15 minutes, they were taken in the same 
order each time to maintain temporal consistency. 
53 
Light levels also taken outside the building to characterize sky 
conditions. Measured under clear skies, average outside light levels 
were 650 fc. with a range of 600-700 fc. at 9:00 A.M., 1200 fc. with a 
range of 900-1600 fc. at 1:00 P.M., and 350 fc. with a range of 300-400 
fc. at 5:00 P.M.. 
Light readings in each workstation were taken with existing 
condition (i.e., artificial lighting and screen brightness setting) as set by 
the individual users. To obtain average footcandles in the office, 
readings were taken at five locations each in the background and on the 
screen, at three locations each on the task-document and on the 
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Figure 4. Diagram of light level measurement locations at workstation 
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daylight contributions, readings were taken under two conditions, i.e., 
artificial light on, and artificial light off. 
Indirect measures, including both drawing analysis and 
environmental observations of office space orientation, window 
orientation, lighting location, window type, and workstation location in 
relation to windows were also employed. 
The results of these measurements and calculated values are 
shown in Appendix D. 
Data Analysis 
Data analysis procedures were run on an Iowa State University 
mainframe computer utilizing the Wylber text editor and the SAS 
statistical program (version 6.06). Several subprograms within SAS 
were used to test results: Cross-tabs, MANOVA (multivariate analyses of 
variance, and univariate F-tests), Frequencies, and Pearson Correlations. 
Frequencies were run to produce frequency distributions (see 
Appendix C). 
Subprograms, Cross-tabs and Chi-square analyses, were used to 
investigate possible relations among variables. A Cross-tabs was run to 
produce joint contingency correlation tables for response questionnaire 
variables. A Chi-square analysis is used to determine if there are any 
statistically significant difference between results distribution among 
variables on question. 
A MANOVA procedure was run to produce multivariate analyses 
of variance and univariate F-tests. A multivariate analysis of variance is 
used to control for Type-I error rejection of a true null hypothesis. A F- 
test was also done to test for differences in mean among groups (by 
orientation of window, i.e., east, west, south, north) with each variable, 
and to reveal the F-value and either pooled or separate variance 
estimates. For F-tests, the .05 and .10 level of probability was selected 
to indicate significant differences between mean responses. 
The Pearson Correlation procedure was run to produce Pearson 
Product-moment Correlations with significance levels. The .10, .05, and 
.001 levels of probability were selected to indicate significant 
differences between frequencies of responses. 
To analyze physical measurements, an equation was developed to 
calculate daylight contribution, namely, daylighting contributions (%) = 
(average of light levels when artificial lighting off / average of light 
levels when artificial lighting on) x 100. The following chapter presents 
an analysis of the results of these tests on the data gathered. 
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CHAPTER 4. ANALYSIS OF RESULTS 
Results of data analyses of questionnaire item responses and of 
physical measurements are presented in this chapter organized around 
the five hypotheses. First, characteristics of sample are analyzed, 
providing a description of the composition of the sample. Second, both 
worker perception of lighting conditions and worker satisfaction are 
discussed in terms of MANOVA (multivariate analysis of variance and 
univariate F-tests) and Cross-tabs results. Third, factors affecting 
worker satisfaction are tested using mean frequencies, Chi-squares, and 
Cross-tabs. Fourth, the perceived level of environmental quality is 
analyzed by mean frequencies and by Pearson Correlations. Fifth, 
discomfort experienced by respondents and lighting changes desired in 
either workstation or office environment are tested by Cross-tabs and 
Frequencies. Sixth, relations between perceived and actual lighting 
conditions are tested by comparisons of physical measurements. 
Sample Characteristics 
To verify the similarity of distribution within each group, the 
selection criteria were prioritized, and people were matched by a 
process of best fit. These results came from preselection questionnaire 
(Appendix C). As a results of this review window orientation was 
selected to determine sample groups to provide a reasonably matched 
sample size between groups. 
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A window orientation of offices of employees chosen were: 
nineteen on east side, twelve on west side, six on south side, and seven 
on north side. Results of duration of computer use periods indicate that, 
overall, the majority of respondents have used computer more than 3 
years (93.2%), followed by 1-2 years (6.8%). Results of typical computer 
use in a day indicate that, respondents work on computer 2-4 hours 
(34.1%), more than 6 (34.1%), 4-6 (22.7%), and less than 2 (9.1%). A 
majority of respondents use a computer to perform computer 
programming (84.1%) and word processing (81.8%), followed by data 
acquisition (45.5%), data entry (40.9%), other (31.8%), and computer- 
aided design (6.8%). The majority of computers are located in beside to 
window (45.5%), followed by between two walls (near window) (18.2%), 
behind of window (15.9%), front of window (11.4%), and between two 
walls (far from window) (9.1%). A majority of respondents job type are 
professional (72.7%), followed by graduate assistant (27.3%). A majority 
of respondents have been their workstation more than 12 months 
(81.4%), followed by less than 6 months (18.6%). A majority of 
respondents are 20-35 (53.5%), followed by 36-45 (30.2%), and over 45 
(16.3%). A greater percentage of respondents are male (83.7%). 
Hypothesis 1 
Several statistical tests, including MANOVA and Cross-tabs, were 
employed to test Hypothesis 1, which states that quality and quantity of 
lighting (daylight and/or artificial lighting) conditions affect VDT user 
satisfaction with the workplace environment. 
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A multivariate analysis of variance producing both multivariate 
and univariate tests of significance was used to test the null hypothesis 
of the equivalence of all group means (by orientation of window). 
Results of this procedure for each of the two sets of variables are 
summarized in Tables 3 and 4. The three multivariate tests of 
significance listed (Wilks, Pillais, and Hotellings) have been used in the 
MANOVA because they are considered invariant, or symmetrical. 
As indicated in Tables 3 and 4, none of the multivariate tests or 
univariate F-tests for these variables results in trends towards 
significance (p < .10). Therefore, the MANOVA statistics support the null 
hypothesis of equivalent group means for user perceptions of lighting 
conditions (Questions 4-10) and for user satisfaction with lighting 
(Questions 3 and 11). 
Chi-square tests and two-way table of frequencies were computed 
to investigate possible relations among variables. Results are 
summarized in Tables 5, 6, 7, and 8. 
As indicated in Tables 5 and 6, the results of comparing lighting 
satisfaction (Question 3) with perception of the automated workstation 
(Question 1: The location of my workstation adequately fits my needs; 
Question 2: My computer is located in a convenient place within the 
workstation) prove significant at p < .05. Most workers who perceive 
location of workstation and of computer as adequate either 
"agree" or "strongly agree" that the lighting conditions of their 
workstation/office are satisfactory. Similar results are seen in Table 7. 
When lighting satisfaction is correlated with perception of daylight, the 
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Table 3. MANOVA multivariate and univariate F-tests of user 
perceptions of lighting conditions in the office/workstation 
compared by orientation of window (Questions 4 through 10) 
Multivariate tests of significance 
Test Value Approx. F Prob. 
Wilks .6253 .8063 .7057 
Pillais .4238 .8225 .6869 
Hotellings .5229 .7886 .7266 
F-test with (3, 39) DF 
Variable F-value Prob. 
Q. 4. The light level at my workstation 
provides good task visibility. 
.14 .9328 
Q. 5. Even though I can see well enough at 
my workstation, it feels dark. 
1.32 .2827 
Q. 6. Reflections on written or printed 
materials make them difficult to read 
at my workstation. 
.79 .5061 
Q. 7. Reflections on the computer screen 
located at my workstation make it 
difficult to read. 
.42 .7366 
Q. 8. Daylight is not a problem while I am 
working at the computer. 
.67 .5733 
Q. 9. I can easily control the amount of 
light when I need it. 
1.32 .2803 
Q. 10. I can easily control the direction of 
light when I need it. 
.58 .6329 
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Table 4. MANOVA multivariate and univariate F-tests of user 
satisfaction with lighting compared by orientation of window 
(Questions 3, 11) 
Multivariate tests of significance 
Test Value Approx. F Prob. 
Wilks .8147 1.4029 .2242 
Pillais .1863 1.3692 .2372 
Hotellings .2263 1.4334 .2130 
F-test with (3, 40) DF 
Variable F-value Prob. 
Q. 3. I am satisfied with the lighting 
conditions of my personal 
workstation/office. 
.07 .9758 
Q. 11. If lighting conditions at my 
workstation were changed to better 
fit my needs, I would be more 
satisfied with my work environment. 
1.52 .2244 
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Table 5. Two-way table of frequencies of lighting satisfaction by 











































Question 3. I am 
satisfied with the 
lighting conditions 






















Disagree 1.0 7.0 1.0 
11.1 77.8 - 11.1 
5.9 29.2 11.1 
Strongly 1.0 1.0 - - 






Table 6. Two-way table of frequencies of lighting satisfaction by 
perception of automated workstation (computer location) 
Question 2. My computer is located in a 
convenient place within the 
workstation. 
Question 3. I am 
satisfied with the 
lighting conditions 






































Strongly 7.0 2.0 
agree 77.8 22.2 
53.9 8.7 
Agree 4.0 14.0 3.0 
19.1 66.7 14.3 
30.7 60.8 50.0 
Neutral 2.0 1.0 
66.7 33.3 
8.7 16.7 
Disagree 2.0 3.0 2.0 2.0 
22.2 33.3 22.2 22.2 








Table 7. Two-way table of frequencies of lighting satisfaction by 
perception of daylight as a problem 
Question 8. 
while I am 
Daylight is not a problem 




































Question 3. I am 
satisfied with the 
lighting conditions 
of my personal 
workstation/office. 
Strongly 1.0 3.0 2.0 2.0 1.0 
agree 11.1 33.0 22.2 22.2 11.1 
50.0 13.6 40.0 18.2 25.0 
Agree 1.0 15.0 2.0 2.0 1.0 
4.8 71.4 9.5 9.5 4.8 
50.0 68.2 40.0 18.2 25.0 
Neutral 4.0 1.0 2.0 2.0 
44.4 11.1 22.2 22.2 
18.2 20.0 18.2 50.0 
Disagree 4.0 1.0 2.0 2.0 
44.4 11.1 22.2 22.2 
18.2 20.0 18.2 50.0 







result is significant at p < .10. It indicates that a much greater number 
of respondents who agree with the statement in Question 8 (Daylight is 
not a problem while working at the computer) state that the lighting 
conditions in personal workstation/office are satisfied. 
Chi-square tests correlating results of lighting satisfaction 
(Question 3) with window orientation (Table 8) identify no statistical 
difference in distribution for these 2 variables. But although results 
are not statistically significant, most workers (east [69%], west [67%], 
south [67%], and north [71%]) either "agree" or "strongly agree" that 
lighting conditions are satisfied in their personal workstation/office. 
As a further test of attitudes towards window and daylight, 
frequencies were computed for Questions 18, 20, 21, and 25 (see 
Appendix C). In Question 18, 22 of 44 respondents (50%) prefer to work 
with "both" daylight and artificial lighting. In Question 20, "daylight" 
and "visual relief and relaxation" are the two most important benefits 
attributed to windows with 36 of 44 (82%) respondents citing these 
factors. Thirty-five respondents (80%) indicate that "view of the 
outside" is also an important benefit of windows. When asked how often 
daylight control systems was adjusted (Question 21), 18 of 44 
respondents (41%) indicate adjusting daylight control systems "daily," 
whereas 16 of 44 respondents (36%) adjust daylight control systems 
"rarely." In Question 25, subjects were asked which location of the 
computer in relation to the window they prefer. Seventeen (43%) prefer 
to locate the computer "beside the window." These attitudes towards 
window and daylight indicate that respondents perceive daylight as an 
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Table 8. Two-way table of frequencies of lighting satisfaction by 
orientation of window 
















Question 3. I am 
satisfied with the 
lighting conditions 
of my personal 
workstation/office. 
Strongly 5.0 3.0 1.0 
agree 26.3 25.0 16.7 
55.6 33.3 11.1 
Agree 8.0 5.0 3.0 5.0 
42.1 41.7 50.0 71.4 
38.1 23.8 14.3 71.4 
Neutral 1.0 2.0 
8.3 28.6 
33.3 66.7 
Disagree 4.0 3.0 2.0 
21.1 25.0 33.3 








important factor in their work environment. 
In summary, daylight conditions, appropriateness of computer 
location, and workstation location affect worker satisfaction with lighting 
conditions in the personal workstation/office. That is, the more a 
worker is satisfied with daylight condition, computer location, and 
workstation location, the more likely he/she is to be satisfied with 
lighting conditions in the workstation or the office environment. 
When window orientation is examined in relation to satisfaction 
with lighting and perception of lighting conditions in the 
workstation/office, there is no clear correspondence. Generally, window 
orientation is unrelated to worker satisfaction and to worker perception 
of lighting conditions of personal workstation/office. 
Hypothesis 2 
Several programs, including Cross-tabs and Mean frequencies, 
were utilized to test hypothesis 2, which states that the VDT user 
perceives lighting as an important component in relation to other 
attributes of the automated workstation/office. 
Mean frequencies, two-way table of frequencies, and Chi-square 
were run to test possible relations among variables. Results of these 
procedures for Question 16 have been summarized in Table 9. When 
respondents were asked to rate, on a level of one to eight (1 = greatest 
influence; 8 = least influence), the extent to which specific workstation 
related factors influence their satisfaction (Question 16), they attribute 
fairly great importance to computer, noise, and layout, whereas they 
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consider lighting a less important factor (Table 9). The results of Chi- 
square tests of environmental factors affecting worker satisfaction by 
orientation of window within office are not significant at p < .05. 
Chi-square tests and two-way tables of frequencies were 
computed to investigate possible relations between lighting satisfaction 
(Question 3) and need for change of lighting. Results summarized in 
Table 10 indicate that when Question 3 is correlated with Question 17, 
50% of the (20) workers either "disagree" or "strongly disagree" with the 
statement that they are satisfied with the lighting conditions of their 
personal workstation/office, affirming that the lighting should be 
changed to better fit their needs. 
Table 9. Mean frequency of factors affecting user satisfaction with 
the office/workstation by orientation of window (1 = greatest 
influence; 8 = least influence) 
Factor Total Mean Chi-square DF Prob. 
Lighting 4.13 18.092 18 .450 
Floor area 6.72 8.841 15 .886 
Computer 2.82 14.590 21 .843 
Enclosure 6.82 17.658 18 .478 
Furniture 4.18 20.060 21 .517 
Temperature 4.00 28.168 21 .135 
Layout 3.82 28.044 21 .139 
Noise 3.51 19.214 18 .379 
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Table 10. Two-way table of frequencies of lighting satisfaction by 
workstation components requiring change 
Question 17. Which components in your 
personal workstation need to be changed to 
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Agree 4.0 2.0 2.0 - 5.0 4.0 3.0 9.0 
13.8 6.9 6.9 17.2 13.8 10.3 31.0 
23.5 100.0 28.6 50.0 80.0 60.0 69.2 
Neutral 3.0 1.0 
75.0 25.0 
17.7 10.0 
Disagree 8.0 3.0 - 3.0 1.0 2.0 1.0 
44.4 16.7 16.7 5.6 11.1 5.6 








In summary, workers seem to perceive lighting as a relatively 
unimportant component affecting satisfaction with the workstation or 
office. Nonetheless, among half of the respondents, there is a need to 
have lighting components in their workstation or office changed to 
better fit their needs. 
Hypothesis 3 
Several statistical tests including Pearson Correlation and Mean 
frequencies were employed to test Hypothesis 3, which states that 
proper lighting (daylight and/or artificial lighting) positively affect the 
VDT user's sense of well being (i.e., the perceived level of environmental 
quality). 
Pearson Correlations were computed for each semantic scale 
against each physical light value either measured or calculated (see 
Appendix D for complete readings). Screen illuminance and daylight 
contribution on the screen were excluded from this analysis, since the 
screen was usually on when these measures were taken. Because the 
self-luminous characteristic of VDTs, it is difficult to measure light levels 
on the screen. Degrees of correlation are shown in Table 11. 
With respect to lighting in the room (Question 12), the "strong- 
weak" scale is correlated with illuminance of the keyboard (IK) (p < .05). 
The "comfortable-uncomfortable" scale is correlated well with daylight 
contribution on the worksurface (DW) (p < .001) and keyboard (DK) (p < 
.001) and with daylight contribution on the task-document illuminance 
(DT) and in the background (DB) (p < .05). 
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Table 11. Correlation tests between users' subjective impression of 
present workspace and physical measurements 
Physical measurements a 


















































































































































* Significant at p < 0.10. 
* * Significant at p < 0.05. 
* * * Significant at p < 0.001. 
a) See data 
(IW): Illuminance at worksurface. (IK): Illuminance at keyboard. 
(IT): Illuminance at task-document. (IB): Illuminance at background. 
(DW): Daylight contribution at worksurface. 
(DT): Daylight contribution at task-document. 
(DK): Daylight contribution at keyboard. 
(DB): Daylight contribution at background. 
With regard to lighting on the task (Question 13), the "clear-hazy" 
scale is correlated with daylight contribution on the task-document (DT) 
and keyboard (DK) (p < .05). The "comfortable-uncomfortable" scale is 
correlated with daylight contribution on the task-document (DT) and 
keyboard (DK) (p < .05) and with the daylight contribution on the 
worksurface (DW) (p < .10). 
With regard to the pattern of light and shadow (Question 14), the 
"attractive-unattractive” scales is correlated well with daylight 
contribution in the background (DB) (p < .001) and with the daylight 
contribution on the task-document (DT) and keyboard (DK) (p < .05). The 
"pleasant-unpleasant" scale is correlated well with daylight contribution 
in the background (DB) (p < .001) and daylight contribution on the 
keyboard (DK) (p < .05). The "interesting-uninteresting" scale is 
correlated with daylight contribution in the background (DB) (p < .05). 
With regard to room appearance (Question 15), the "interesting- 
uninteresting" scale is correlated with illuminance of the task-document 
(IT) (p < .10). The "pleasant-unpleasant" scale is correlated with daylight 
contribution on the task-document (DT) (p < .10). 
Subjects were asked several questions (Questions 12 through 15) 
regarding the perceived level of environmental quality of the 
workstation/office. Sixteen pairs of adjectives on a seven-point scale are 
used to characterize these responses. Mean judgements for these 
subjective assessments are shown in Table 12. 
Responses to Question 12, which concerns the subjective 
impression of lighting in the room, show that workers tend to perceive 
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lighting as comfortable, quite bright, nonglaring, and slightly strong. 
Responses to Question 13, which concerns the subjective impression of 
lighting on the task, show that workers tend to perceive lighting as 
adequate, clear, comfortable, and slightly not enough. Responses to 
Question 14, which concerns perceived patterns of light/shadow in the 
room, show that workers tend to perceive their pattern as slightly 
attractive, slightly pleasant, and slightly uninteresting. Responses to 
Question 15, which concerns subjective impression of the room, show 
that workers tends to perceive room as bright, spacious, pleasant, 
slightly uninteresting, and slightly unattractive. 
Pearson correlations were computed between the perceived level 
of environmental quality of the workstation/office. Degrees of 
correlation are shown in Table 13. 
A comparison of lighting in the room (Question 12) with light/ 
shadow patterns of the room (Question 14) indicates a relation between 
the "comfortable-uncomfortable" scale and all three scales of 
light/shadow patterns. There is also a relation between "glaring¬ 
nonglaring" scale and two light/shadow patterns scales. 
A comparison of lighting in the room (Question 12) with room 
appearance (Question 15) indicates a relation between the "strong-weak" 
scale and the "dim-bright" scale, between the "comfortable- 
uncomfortable" scale and the "pleasant-unpleasant" scale, and between 
the two "dim-bright" scales. 
A comparison of lighting on the task (Question 13) with light/ 
shadow patterns of the room (Question 14) indicates relation between 
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Table 12. Mean frequency with user's subjective impression of 
present work space by all respondents 
Question number subjective impression mean std. 
deviation 
Q. 12 Do you find 
the lighting in 













0 13 Is the lighting 
on the written 
materials 
adequate<---> inadequate 2.50 1.61 
clear<--->hazy 2.38 1.15 
comfortable <---> uncomfortable 2.66 1.40 
too much<--->not enough 3.81 1.23 
















Q. 15 Does the room 
seem 
dim<--->bright 5.14 1.23 
cramped<---> spacious 4.44 1.31 
interesting<--->uninteresting 3.58 1.26 
attractive< — >unattractive 3.23 1.11 






































































































































































































































































































































oj UIOOJ 3qi ui 
2uitqgi| 
••SIHIiPJHUI 











































the "adequate-inadequate" scale and the "attractive-unattractive" scale, 
between the "clear-hazy" scale and the two scales of the light/shadow 
patterns of the room, and between the "comfortable-uncomfortable” 
scale and two scales of the light/shadow patterns of the room. 
A comparison of lighting on the task (Question 13) with room 
impressions (Question 15) indicates that a relation between the 
"adequate-inadequate" scale and the "dim-bright" scale, between the 
"clear-hazy" scale and the four scales of room appearance, between the 
"comfortable-uncomfortable" scale and the four scales of room 
appearance, and between the "too bright-not enough" scale and the three 
scales of room appearance. 
In summary, lighting (daylight and artificial lighting) does, in fact, 
interact with the perceived level of environmental quality by VDT users. 
Daylight affects workers' sense of well being more than artificial lighting 
does. Furthermore, Table 13 indicates that there is an interaction 
between lighting (lighting in the room and lighting on the written 
materials) and perceived level of environmental quality of present 
workspace (pattern of light/shadow in the room and room impressions), 
with a stronger correlation for lighting on written materials than lighting 
in the room. 
Hypothesis 4 
Several descriptive statistical tests were employed to test 
Hypothesis 4, which states that that if the VDT user perceives visual 
related discomforts while working in his/her automated 
office/workstation, these visual related discomforts are positively 
related to lighting conditions. 
Chi-square tests and two-way table of frequencies were run to test 
the relations between the factors contributing to discomfort (Question 
23: Do you attribute the discomfort you experience to any of the 
following factors?) and the discomfort itself (Question 22: Do you 
experience any of the following discomforts at work?). Results 
illustrated in Table 14 indicate that type of job (62%) and lighting (52%) 
are the main factors contributing to discomfort. 
Moreover, eyestrain (50%) and headaches (34%) are the ailment most 
commonly experienced at work. Eyestrain is the major discomfort 
among lighting caused discomforts. 
Appendix C shows how often subjects experience discomfort 
(Question 22a). Of the 29 respondents experiencing discomfort at work, 
20 (69%) experience discomfort "occasionally." 
To uncover additional information concerning lighting factors 
contributing to visual related discomfort, Question 24 (If visual related 
discomforts are partly the results of the lighting in your workplace, to 
what are they due:) was tested for the frequency of discomfort at work 
(Table 15). 
Glare on computer (34.5%) is the most frequent cause of visual related 
discomfort. Other major factors causing discomfort are overall light 
distribution (27.6%), location of general light source (27.6%), and overall 
illumination level (27.6%). 
To uncover additional information concerning discomforts 
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Table 14. Two-way table of frequencies of discomfort experienced by 
factors contributing to discomfort 
Question 23. Do you attribute 
discomfort you experience to 
following factors? 
the 


























Question 22. Do you 




































- - - - - 
None - - - - - 
Other - - - - - 








Table 15. Frequency of items contributing to visual related discomfort, 
by results regarding lighting in the workplace 
Question 24. If your visual related discomforts 
are partly the results of the lighting in your 




Glare on computer 10 (34.5) 
Overall light distribution 8 (27.6) 
Location of general light source 8 (27.6) 
Overall illumination level 7 (24.1) 
Type of light fixture 5 (17.2) 
Other 3 (10.3) 
Glare on reading materials 2 (6.9) 
Light on reading materials 2 (6.9) 
Daylight 2 (6.9) 
Location of task light “ 
experienced, a correlation was made between Question 22 (discomforts 
experienced) and Question 17 (components requiring change). As 
indicated in Table 16, a much greater number of respondents who 
commonly experienced discomfort indicate that changes in lighting (17 
of 29) and furniture (10 of 29) are needed, whereas only 13 of the 29 
respondents state that nothing needed to be changed. All respondents 
who experienced eyestrain state that lighting needs to be changed to 
better fit their needs. 
In summary, in relation to Hypothesis 4, some workers do seem to 
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Table 16. Two-way table of frequencies of discomforts experienced by 
components requiring change in the workstation 
Question 17. Which components in your 
personal workstation need to be changed to 
better fit vour needs?  
Question 22. Do you 




























































Eyestrain 17.0 2.0 3.0 
77.3 9.1 13.6 




Annoyance - 1.0 8.0 
11.1 88.9 
14.3 80.0 
Headaches 2.0 5.0 3.0 5.0 - 
13.3 33.3 20.0 33.3 
20.0 100.0 100.0 100.0 
Changes in 2.0 
color 100.0 
perception 15.4 









experience visual related discomfort resulting from lighting conditions. 
"Eyestrain" is the major discomfort from lighting. Glare on computer is 
the factor contributing to the greatest visual related discomfort factor. 
The overall light distribution, the location of general light source, and the 
overall illumination level are also among the factors contributing to 
visual related discomfort. Furthermore, a majority of respondents 
experiencing eyestrain indicate that changes in lighting are needed to 
better fit their needs. 
Hypothesis 5 
Several comparisons of physical measurements were employed to 
test Hypothesis 5, which states that there is a positive relation between 
perceived lighting conditions, actual lighting conditions, and standards. 
Quantity of light (footcandles) was measured on the worksurface, 
on the screen, on the task-document (primarily on horizontal), on the 
keyboard, and in the backgrounds (on vertical) to test the light level 
available to VDT workstations. Results are summarized in Table 17. 
A comparison of the standard light levels with the average light 
levels available across the offices measured reveal that the overall 
average light levels available to worksurface and screen are adequate 
based on standard light levels for the activity. Compared with standard 
levels, overall average light levels available on the task-document at 
each workstation are quite low; on the keyboard and in the background, 
however they are above standard levels. A comparison of current 
conditions with standard conditions of lighting levels by window 
Table 17. Light level (footcandles) comparison of standard and average 
utilized 
LIGHT LEVELS (fc.) 
Window Orientation in Office 
Surface Standard Suggested 
(fc.) 
East West South North Total 
Worksurface 
illuminance 
40 - 50 46 40 45 52 45.3 
Screen 
illuminance 
5 - 8 6.9 6.1 6.4 7.4 6.7 
Task-document 
illuminance 
70 - 80 44 39 41 54 44.0 
Keyboard 
illuminance 
30 - 40 50 44 36 52 46.9 
Background 
illuminance 
20 - 30 43 35 31 47 39.9 
orientation indicates that there is no statistical difference among the 
average light levels available in the four groups. A pattern, however, is 
observed among the groups: the north side has the highest light levels 
available for all measurements and the east side has the second highest 
light levels available. Furthermore, in most locations the amount of light 
is adequate or above standard light levels for the activity involved. In 
contrast, task-document illuminance in every location shows light levels 
lower than standard levels. 
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Graphs of lighting satisfaction (Question 3: I am satisfied with the 
lighting conditions of my personal workstation/office), by average light 
levels (fc.) and by average percentage of daylight contribution, are 
presented in Figures 5 and 6, respectively. Figure 5 shows that there is 
a linear relation between daylight contribution and lighting satisfaction 
for all measurements. This relation indicates that daylight contribution 
is greater among workers who either "strongly agree" (satisfaction level 
5) or "agree" (satisfaction level 
4) with the statement that lighting conditions are adequate at their 
personal workstation/office than among workers who either "disagree" 
(satisfaction level 2) or "strongly disagree" (satisfaction level 1) with 
that statement. For example, among office workers very satisfied with 
their worksurface lighting, the percentage of daylight contribution 
averaged 20.17 fc. at their worksurface. Among workers not at all 
satisfied, the percentage of daylight contribution averaged 15.2 fc.. 
Although no consistent relations exist between lighting satisfaction 
and light levels on worksurface, task-document, keyboard, or 
background, workers indicating a satisfaction level with lighting on their 
personal workstations/offices as "neutral" (satisfaction level 3), closely 
followed by the "slightly satisfied," have greater light levels than any 
other workers for all four measurements (Figure 6). The other 3 
satisfaction levels indicate below 40 fc. as the average light level for 
each surface in the workplace. 
In summary, there is a positive relation between perceived 






























Worksurface Illuminance Background Illuminance 
Keyboard Illuminance Task-Document Illuminance 




Keyboard Illuminance Task-Document Illuminance 
Figure 6. Comparison of lighting satisfaction (Question 3) by average 
light levels 
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contribution is greater when lighting satisfaction is greater (satisfaction 
levels 4 and 5). Thus, daylight may, in fact, contribute to worker 
satisfaction with lighting conditions in the personal workstation/office. 
Contrary to expectation, no consistent difference is found between 
perceived lighting satisfaction and total light levels. The same pattern 
however, occurs in worksurface illuminance, keyboard illuminance, and 
task-document illuminance, and the highest light levels are utilized by 
workers indicating satisfaction with lighting as "neutral," closely 
followed by the "slightly satisfaction" level for four all measurements. 
Compared with standard levels, the light levels available at each 
workstation are observed to be adequate or more than adequate for the 
activities involved. Light levels on the task-document, however, are 
relatively low. Contrary to the expectation, no clear relation is found 
between window orientation and actual light level or daylight 
contribution to light levels available at each workstation. 
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CHAPTER 5. DISCUSSION AND CONCLUSION 
The stated purpose of this study is to evaluate the perceived 
relations between user, VDT work setting, and lighting conditions at the 
VDT workstation using the Durham Computation Center as a case study. 
Because of the limitation associated with the case study approach and 
because of the small samples, which focused specifically on comparison 
and evaluation of perceived levels of environmental quality at VDT 
workstations, it is best to consider this research exploratory. This 
chapter is presented to review the results of this study with the 
hypotheses and to compare the findings with previous research results. 
In additions, the chapter will present implications for further study. 
Discussions of Hypotheses 
Hypothesis 1 states that quality and quantity of lighting (daylight 
and/or artificial lighting) conditions affect VDT user satisfaction with the 
workplace environment. Analysis of the responses to Question 8, which 
addressed the first part of this hypothesis (Table 7), confirms that the 
perceived quality and quantity of daylight are in fact related to VDT 
user satisfaction with the environment. Furthermore, responses to 
Questions 1 and 2 (Tables 5, 6) indicate that adequacy of computer 
location and of workstation location is related to worker satisfaction with 
the lighting conditions of the personal workstation/ office (p < .05). 
These results are similar to results of previous studies on worker 
satisfaction in the VDT workplace (Wineman, 1982a, 1986; Louis Harris 
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and Associates, 1980; Goodrich, 1979; Elder et al., 1979; Farrenkopf and 
Roth, 1980; Boyce, 1981; Brill et al., 1985; Quinan et al., 1982; Francis et 
al., 1986; Hardy, 1974). All these studies indicate that natural lighting 
and an outside view are important factors contributing to environmental 
satisfaction in offices. 
Contrary to hypothesis 1, window orientation does not seem to 
influence significantly user perception of lighting conditions or 
satisfaction with lighting at the Durham Computation Center. This result 
is contrary to findings of a previous study indicating that people close to 
south-east and south-west windows are much more satisfied with the 
daylight available than are those close to north-east and north-west 
windows (Boyce, 1981). 
Hypothesis 2 states that the VDT user perceives lighting as an 
important component in relation to other attributes of the automated 
office/workstation. 
Analysis of the responses to Question 16 (Table 9) regarding the 
extent to which physical components influence the level of workstation 
satisfaction shows that lighting does not have a significant influence, 
whereas, the computer itself does. Nonetheless, half the respondents 
(50%) express a need to have lighting components in their workstation 
or office changed to better suit their needs (Table 10). 
These results, therefore, do not support the findings of previous 
studies indicating that workplace lighting is one of the most important 
factors contributing to worker comfort and satisfaction (e.g., Elder et al., 
1979; Farrenkopf and Roth, 1980; Goodrich, 1979; Louis Harris and 
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Associates, 1980; Kraemer et al., 1977; Brackelsberg, 1988). 
Furthermore, the study of Brackelsberg indicated older workers perceive 
that more facets of lighting of their workstation need to be changed than 
do younger workers. There are several possible explanations for these 
discrepancies. 
First, it is possible that the questionnaire developed for this study 
has not been the best instrument for evaluating this issue. Because a 
questionnaire was used to gather information for this study responses 
have been limited to worker perceptions of various issues. This 
indicates the need for revisions in the questionnaire design. The 
questionnaire should be examined more thoroughly to determine 
whether it is an effective tool for evaluation of the objectives or of the 
hypotheses. Examining other statistical approaches to evaluation of the 
data is also recommended. 
Second, the sample size may have been too small to affect the 
results. Because only relatively small sample groups were used, a 
simple Chi-square test and F-test may not have had the statistical rigor 
to highlight differences in sample groups. Additionally, the numbers of 
respondents in each group are unequal. Because of the small and 
unequal sample sizes it is possible that the data are not normally 
distributed so that the tests of significance used in the MANOVA and 
Chi-square are affected adversely. 
Third, the characteristics of this sample population may not be 
representative of office workers in general. Workers at Durham 
Computation Center are equipped extremely well with regard to the 
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physical elements of their workspaces. Other populations of VDT 
workers may not be so well equipped. 
Fourth, the physical environments of the Durham Computation 
Center, which were almost all private offices, may not represent office 
environments in general, which range from private to open. Most 
previous research was conducted with people working in open office. 
Two previous studies (Marans and Spreckelmeyer, 1982; Hedge, 1982) 
though involving people working in enclosed private office, focused that 
lighting quality is more important to their overall assessment of the 
workspace than it is for workers in open office system. Size of office and 
office type studied may account for the differences in results between 
this and other research in terms of satisfaction with office lighting. 
Hypothesis 3 states that proper lighting (daylight and/or artificial 
lighting) positively affect the VDT user's sense of well being (i.e., the 
perceived level of environmental quality). The relevant Correlation 
results in this study (Table 11) suggest that, generally, respondents 
perceive a positive relation between each semantic scale (sixteen pairs 
of adjectives on a seven-point scales regarding the perceived level of 
environmental quality of the workstation/office) and each physical light 
value either measured or calculated in the direction hypothesized. The 
daylight contribution variables exemplify this hypothesis best by 
revealing a strong correlation between comfort, attractiveness, 
pleasantness, etc., and subjective impressions of the workstation or the 
office. Little support is found for the hypothesized relation between 
subjective impressions of lighting in the workstation/office and actual 
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light levels. In the four questions regarding subjective impressions of 
the workstation/office, daylight rather than total illumination shows a 
significant relation with subjective impressions. This relation may be 
explained by two similar previous studies (Goodrich, 1979; Wells, 1965), 
which show that a high positive value is associated with natural light 
(e.g., color, temperature, and variation of natural light, as well as its soft 
texture and its ambience). According to these studies, constant lighting 
levels from a window wall to interior space would positively affect 
worker evaluations of lighting quality. 
Going beyond this hypothesis, additional analysis of the data 
(Table 13) indicates that a positive interaction does, in fact, exist 
between perceived lighting conditions, i.e., lighting in the room and 
lighting on the written materials, and perceived level of environmental 
quality of present workspace, i.e., light/shadow patterns in the room and 
room impressions. These results are similar to those of previous studies 
indicating that the visual impact of an office space depends, to a great 
extent, upon the composition of light in terms of perceived luminance 
and color variations (Flynn et al., 1979; Hawkes et al., 1979; Boyce, 1981; 
Ellis, 1986; Bennett et al., 1979; IES, 1990). 
Hypothesis 4 states that if the VDT user perceives visual related 
discomforts while working in his/her automated office/workstation, 
these discomforts are positively related to lighting conditions. The 
results of this study provide sufficient evidence to support hypothesis. 
Taken together, several correlations (Tables 14, 16) show that there is a 
clear relation between a worker's office lighting and the visual related 
discomfort experienced by that worker. A large percentage of workers 
(52%) who experienced visual related discomfort attributed their 
discomfort to lighting conditions. These results are similar to the 
findings of previous studies indicating that a wide range of health 
complaints by VDT operators have been related to improper lighting 
(Grandjean and Vigliani, 1980; Cakir et al., 1978,1979; Smith et al., 1981; 
Stammerjohn et al., 1981; Dainoff and Happ, 1981; Smith, 1984; Boyce, 
1981; Wineman, 1982b,1986; Ostberg, 1976; Becker, 1985). 
Glare on the computer is the most often mentioned visual related 
discomfort factor. Overall light distribution, location of general light 
source, and overall illumination level are also mentioned as same of the 
factors contributing to discomfort (Table 15). These result also support 
findings discussed in the literature review: in a number of studies, 
screen glare has been observed among a high proportion of VDTs at all 
workstations (Smith, 1984; Stammerjohn et al., 1981). 
"Eyestrain" is the major problem when lighting is considered the 
cause of discomfort. This result supports the findings of previous 
studies indicating that poor and improper lighting can cause eyestrain or 
headaches (Galitz, 1984; Ostberg, 1976; Smith, 1984; Stammerjohn et al., 
1981; McCormick & Sanders, 1982). 
Hypothesis 5 states that there is a positive relation between 
perceived lighting conditions and actual lighting conditions, and 
standards. The present study tested the proposed effects of actual 
lighting conditions (daylight contribution and light levels utilized) on 
worker satisfaction. The daylight contribution variable is the best 
92 
indicator of the trend to support this hypothesis. As the percentage of 
daylight increases, there is a tendency for lighting satisfaction to be 
higher for workers satisfied with their lighting conditions than for those 
dissatisfied with their lighting conditions. It seems that daylight has a 
greater effect than does total light on workers' satisfaction with personal 
workstation/office lighting conditions. These results are similar to those 
regarding hypothesis 3 (see Table 11), which indicates that daylight has 
a greater effect than does total light on workers' subjective impressions 
with workstation/office lighting conditions. These results are consistent 
with those of previous studies indicating that workers express a strong 
preference for daylight as a method of lighting offices because of the 
high positive value associated with natural light (Boyce, 1981; Wineman, 
1978; Goodrich, 1979) and that, for the same reasons, they overestimate 
the amount of natural light reaching their worksurface (Wells, 1965). 
Contrary to expectation, little or no support is found for the 
hypothesized relation between lighting satisfaction and light levels on 
worksurface, task-document, keyboard, and background. Rather, the 
highest light levels are utilized by workers indicating their satisfaction 
with lighting as "neutral." Furthermore, this result is different from that 
of previous studies indicating that workers evaluate higher illumination 
levels as more satisfying and that they are under less stress, are more 
productive, and are more motivated in their work under these 
conditions (Bamaby, 1980; Galitz, 1984; McCormick and Sanders, 1982; 
Boyce, 1974; Bennett, 1986). These studies, however, indicate that very 
high levels of illumination can actually inhibit performance. 
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One likely reason for the discrepancy between findings of this 
study and previous studies may be that in this study, because the 
November sun assumed a southerly slant during most of its travel across 
the earth's surface, the variation of measured light levels were too small 
between times to produce the expected effects on perceived and actual 
lighting conditions. This study did not account for light level variation 
due to altitude and azimuth changes during the year. 
There is the possibility of a problem with the conditions of light 
levels are taken. Conditions at the Durham Computation Center at 
studied are personal adapted conditions rather than optimized design 
solutions. It may have influenced the results for the hypothesized 
relation between lighting satisfaction and light levels on worksurface, 
task-document, keyboard, and background. 
It is possible that age characteristics of this sample population may 
have limited the results. Since majority of employee (84%) at Durham 
Computation Center are under 45 and since major changes in the eye 
and vision occur after age 45, there may be fewer problem in this 
sample population than those previous studies. 
Additional possible intervening variables may include subtle 
differences of the physical environment at each workstation. These 
conditions include not only the design of the lighting but also the design 
of the space, and in particular, size and position of surfaces and their 
reflectances, colors, possible textures, etc. Therefore, subtle differences 
among the various facets of the office environment and the relatively 
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small number of subjects the data did not prove to be significant in 
much of the analyses. 
Suggested Areas for Further Research 
Both review of literature and the results of this study point to the 
need for expanding this area of study to achieve clearer and more 
definitive results. 
Further testing and revision of the present questionnaire are 
recommended. It should be examined thoroughly to determine whether 
it is an effective tool and whether any additional research questions can 
be included to broaden the scope of findings. 
Examining other approaches to the evaluation of the data is also 
recommended. Further analysis of the data would determine the extent 
to which findings presented here can hold up under more rigorous 
testing. 
Further testing and revision of the field study are also 
recommended. Conducting a similar study in several different places 
and concurrently analyzing results from other office types (private, 
semiprivate, open) and other buildings are recommended to determine 
any variance among buildings as well as possible types of office 
differences. It is also recommended that a similar long term study be 
conducted to determine time of the year effects. Conducting a similar 
study using light measurement in terms of luminance (footlambert) is 
also recommended to determine impact of subjective quality of light on 
surroundings and spatial balance of surface luminances. 
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This study was particularly hampered by small, unequally sized 
samples. Another recommendation is to achieve large sample size and to 
make numbers among groups equal so that data are normally 
distributed. It is also recommended that research include sample 
covering the full age range to determine the effect of physiological 
changes in eyesight and its implications for lighting design for different 
age groups. 
The present study is intended to provide environmental designers 
with information regarding both a wide range of lighting problems in the 
VDT workstation/office and with the potential implications to such 
problems. As the VDT proliferates, such information becomes 
increasingly important to environmental designers, and thus more in- 
dept research is urged. 
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APPENDIX A 
Introductory Letter of Preselection Questionnaire 




October 19, 1990 
The design of the office environment is changing rapidly. A major 
challenge in office design today is the need to integrate demands from 
changing technology with the needs of the worker. As designers, we are 
interested in better understanding the impact of design on the office 
worker. 
Our current research project is focusing on lighting condition in the 
office areas of the Durham Computation Center. As a computer user in 
this building, you are a most valuable source of information for this 
project. 
This preselection questionnaire at the right will be used to select a 
sample group for additional research. If you are selected, you will be 
asked to complete another short questionnaire and we will be doing 
some selected physical analysis of your office lighting. 
Your answers will be kept strictly confidential. While the questionnaire 
are coded, it is only for the purpose of follow-up, if necessary. Your 
participation is completely voluntary, but is very important to this 
research. 
If you have any questions or concerns about the study, please feel free 
to call me at 294-6610 or Dr. Fowles, Project Supervisor (294-8898). 
Since your opinions are vital to the success of this research project, we 
look forward to your participation. Please return this questionnaire no 
later than October 25, 1990. You can simply refold this sheet with an 
address on the other side and place in campus mail. Thank you in 




Dorothy L. Fowles. Ph. D. 
Associate Professor 
107 
29 October 1990 
The Durham Computation Center on the Iowa State University, as one of 
the newest buildings on campus, provides a unique research 
opportunity. Since almost all offices and workstations are equipped 
with computers, this building provides a ideal unit of study. 
In our case, we are focusing on lighting and its relationships to users 
and VDT work settings in the office areas at the Durham Computation 
Center. 
As a computer user at the Durham Computation Center, you are part of 
a carefully selected sample being asked to participate in this research 
project based on the preselection questionnaire. It will take 
approximately 10 minutes of your time to complete the questions. We 
also need to do some physical measurements of the lighting in your 
office. This second activity will take approximately 20 minutes, to be 
scheduled at your convenience. I will be calling you in a few days to 
set up an appointment. 
Your responses will be strictly confidential. While the questionnaires 
are numerically coded, it is only for the purpose of follow-up, if 
necessary. Your completion and return of the questionnaire to us will 
constitute your consent of participation. 
If you have any questions or concerns about the study, please feel free 
to contact either of us at the above address. 
Your participation is very important to this study and is very much 
appreciated. Using the envelope provided, please return the 
questionnaire by Monday, 5 November 1990. I thank you in advance 

























































































s a s 














o o o 













cS * > H o 
O > T3 
73 ^ c 
e *> 






























% e — c 














G G ■4—< -4-^ 
G G 
73 
P <l) <u 










 ^ W' O u 
WH 












































































£ * -< 
^ O X 
° "G ^ Q 
P I 
73 .S 













G O cd 
_ o -< 
■4“* O ^ 
'£ ’”H s: 
° ^ s 



























































































































^ -£i k> 














































C Jj 3J C <D ~ 
C x *z: 
•”* cd 





CJ G oS 
bfl O ^ k O 
1) C/D ^ 











S v o ■*—* .2 







E cd c« 


















































v 2 >>£ 
H ^ ? 
>» 
E 
13 >>M +- 
> x 
« — X „ 
■*—* 5 o X 2 o •r: 
*nT X t2 
,.SP > *3 
.-< O 
c 
<X> i> Ui 
x 55 > o 




 22 c 
O ^3 
'Z T3 O 




































2 x = 
5/2
 • rzs 
*■* C/D 
<u cd 
x ^ ^ .d 
.?ac 
5:3
 ^ D O 
<* & 
^ C cd 73 
'j i; cd _ 




c’S cd D 
C 






















































































































































































































































« O X C 
« C u o 
























£ <u £2 *- 
cd O- •— 
G G e 































cd O- E D D 
V 30 C D 
XS 
30 E 
-o JS ■«-* X •o <v G c 0 
C cd x: cd x: G ■4—* ' ’“, w* 





















D E Q 
0 TC 
«-* 3 (D 1) 
£ O — —* ■*—* •o —* o 0 •4—• — c 


















































































































































































































































































































































C 5 3 2 ~ 
M D,-- 3 
JS e c ° 
•2? 0 3 £ 












u c 3 G 
O -g * 
cj^ 
2 IS 







tr « 2 c 
C/3 
c/3 ■*—* G 






u G O 
>> 
<U 
o G D 












o <D P C/3 G O 
G 
u D 
Ui P C/3 U G PG o o g . M o 
2 G o o ■s u *S G 1) G o G G 
bX) G 
<U 










"O 60 3 
s = ^ 
* <o 
S •* G 
> 4) O 2 G 
D 







—r o G U 











_ bX) 2 c .c 
^ bp 
bo G 
‘•3 ^ w 
^ u *G C cd cd 
S O g 
^ «» ■ 








g « 2 




bO bX)£: o 
>t G G 
cd ^ u 
G 73 > 
D O 




D -G G .t3 
^'S * -2 8 
u
 « & 
<l> — G w 
« C« S G b G o § .2 -S 








* ^ -C ^ 
Ui 
E "P P^ 
u ^ b c« o u O 
& >2± Si s O w 
O O & 
1 - P^ *S c« th
e u G 
u» 
bo 





tM Cd § « 
Ui ^ 






O T3 C 
PM .2p ^ 



























































































































C 5/5 G u 
43 
o 








« G O .G 
«d cd 
£ O 
u G 5 C <P 
>> G 43 o •£ 
G G O G G 
D f-n G 





c —• G cd 
u o G O 
> O 
G G 






























C ^ M 
— o w 




G CM-G T3 
o g 
43 fi G 
^ &D C t- 
G ^ 3 
G 30 X 
3^3^ G ;n &0f5 M Cd 














cd cd cd cd o o O O -G 3D 3D43 43 33 
43 *> >> g 
30 9"
1








Id Q T3 
^**s c^ 
Id ? G S G T3 G G 
O O 5 O G 









’33 43 1) D D O G w w 
X o T3 1) C+H 
§; 3D <3 G 
33 
G ■5 4* 
<4- 
O -s: p 
>> 
*5 
„* u* 1> Q O > c > G 
13 cd 


















G kj O -Si 
>>£ C3 ^3 
cd ^ . 




« P > <3 > -Si 
c/3 
. « ^ xl G *o *r 
<N S E 2 o ° 
G 
O c OH 





U ’> JC > 
G 




). O -M-* <+-, *-> D D 43 
O, G g £ ^ 
•J D ° zs <+* 
CO ^ 
° 4^ cd ^ 
V3 O 
*> H- 
- o O •XX 
2> £ u G t_ g 
5 o J= 
;§ = w 
O 






 o. 'D <+* 43 






3 8 • 
o ^ 
G ci 
M S ® 
3 « IS 9^ cd ^ E o -Si 
o O ^ 
o 
G o- tx G S 
u o >> S G D •— G Ui > 
3D OH ^ G G - V 
43 G "S u >* ^ 
2 G T3 ^ 
3 
o 2 c o M 
























Frequencies of Preselection Questionnaire 


























OD 3 vs fl 00 M 
fl C/5 S g <D fid g -a so 
VH 
00 -fl O O 
S.3 
>*» 
<N 1 '—1 
cd Tf Tf Tf 
ON m cn 00 00 
vd 
w ^a» N— >— 
rN in in t^ 









s s ^ 
o o ’S 














^ 33 33 £ 
> « o od o 
t *i *•§ 
% a p 
* B I * 
<*N G +* fl 
O <L> 4> NQ 
0> J> <D S 
^ * 3 £ -9 
5 N-> vs *-> 43 














JD ed cd 
*3 
o 
£ cd x> o *3 4> 
u 
ON 
/—> . -N-V 
ON in 00 m 







<N T* TJ- 00 
. >w od in >w 
ON 'F"H ON 
o 00 o VO o ra 























<N 1) VH 
vs O 




oo s w 
o 
in 




















































fl ^ 3 O 







vs J 9 vs D O 
u 
't: *3 Q 3 C^* 0) li 3 O 
43 
u 










vs a a u .S 0> W <D 
i> 
VN 
3 g o 43 










3 M 3 0> 
o 























































































-o u D 3 
> O 







oo ’£ 3 
§ 2 
—* c/3 1) 
^ 44 vs 
^ v- ed 
o o 









































































































GA a oo 














s *■* o OA 
















<N VO m m Tf m in 
/-« . 
in rn »n © in 
(N* r-* cn /—« (N o «n 
»n «n in »n in Tf w o 00 
cn , m 
w © (N o 
<N <N CN <N (N 1 00 <N CM 
in 
ON in ON ON 
o o o 00 00 in m 
m 
rj C3 o Vw vO* >— VO* 
























































2 * 3 1A 


















d ~ D 
V* CD 5 5o o 
U ^ <D 










d o E D CA CA 13 
d 


























O T3 U CD o > o o d d d <D 2 CA D • ^4 3 o D CA V* u X 0A d CA CD 05 d CA 
as 
d | J3 •w d a. £ CA 3 O d o 1 d o mO 
JO s o y d 
CA 
>» .2? > X d CA CD -3 3 
d 
C/5 X OA 
C/5 3 d 





53 44 lx *>. 
-d •TH 43 CA > o D D O d 
H s o H d w & JS od * Q 
(N m in vO 00 






d D ~ 






































































































































































































































































































































































_ 43 *60 O au ' 
o .zr G 
a u o 
P 43 fl 
/a“* 
© q q 
© e'¬ 1 






























c: © o 00 
d o w 




e3 <x> 0) C/2 Wa 
cd <D 0) 
p 
G 











' 'w ' w 














ON , *> ON 
d q cn d 















, /-» O q in 
o 00 00 





ON o 00 







































S o 43 . ON 
^■x 









, ON w 
M" 




ON d 00 ^ 00 q O) 
° rr 'Tt 
00 vO (N £ CM CM CM 
<u 00 G 0) JP 00 
3 3 *G 0) G cd 43 <U cd 43 G > •«a 
00 
-w oo 00 o 0 G CA 
o G P O d o cd 0) G 
O i* s s 
u 











































































































































































































































































































<N CM o 
l> OO o ITi 










X d d o 




m <N 00 <N 








CD <D a 
S •- S O 
VH 



















■ . r3 O X q od 00 
o ■W CN s 








00 00 G* 
^ d 




























o -£ a> <. X 
tM 





















u, >* 3 >\ -W D X >* *2 d ** 
















> .d o 
y-' /^o SO *0 o o CN q q q q QO 




cn <N m X m 
o 






























































cd ^ _ 
































>fl D O 




CD cd d o 
cd X o +-> CA 
a Vi 33 
u ID ID 
CD V CD oo CA d 








































































- X <D 






2 ° S 







§, ° ^ 
00 00 
*3 d d 









































































































































































































-2 CD Vi 2 >> <D 
o X OX) 




o © o o 


























s _ -a 
03 X u 
3 w> 
g “ g x 







 2 QX) 
2 «+* 
y £ 2S 
00
 - « s 
<*.<*. g .«> 

































































y 2 y 2 o > o 
*■* ‘ o o o OX) OX) X ‘ -2 © 






















o ON r- ON 
CO 
o 
CM Tf Tt CO ’—I CM CM X CM , Q X *—« X* r—( 
CM X o in 00 O w 
■ s—* W 

























y -g 3 
*2 
3, 1 *C 3 2 8 ^ a 
2 O 
OH 




-2 2 y 
o X 
l-H 























n . co 
& 
O 





c ^ - 
3 OX) e 










^ 2 3 O 
* 
o 






2 1 c 
.& 3 1 « u. X s ^ .«H 
oo o 






















y 2 CH X 
y D
o 



















































































































































































































































O r- r- O O m m O 00 in vo ON in in O r- vo vo vo cn ON —
1 cn 
m ON d- m rN m VO 'd- ON (N 00 O m 00 —, 0 m in Tf Ti¬ cn vO cn 
ob 
ed ed in <N <n (N <N (N in in »n ON ed ed 
sc £ 
r- O in 0 vO m c- m in 0 0 ON in m O r- ON r*- cn O 00 
S a o < »—1 1 VO d* in vo <N 0 00 »—* ON m in d ON —< 00 — 
o 2 U « 









O <! ed VO VO Tf vo VO O r- in -H in ON O vO Tf Ti¬ O VO cn 00 cn 
d 
t> d- in Tf Tl- m in in m (N Tf in <N <N rd ed d- cn ed in 
O 0 ON e- cn Tf m TJ- in in r- O m O <N (N Cd ON vo O vO 00 
/~S 0 ON VO VO vo 00 ON O 0 r- 1—H in 0 <n ^d- -H ON 00 00 m ed in ed cn (4— KO 
0b 
VO *n Tj- (N 'd' ,d- Ti¬ cn ed 
cn Tf O (N m in O vo in r- 0 O O <N (N ed 00 , m ed cn 
<D 
o '-4- > CN r- cn cn m rf ON m VO O m m 00 vd VO in vO ON — ed 
-T3 d O < 00 <N *—• *“4 
WH A 
* a 
1 a d> O 0 in in m in m m »n 0 m 0 O »n 0 m O m in 0 in O m in 
d > cn VO ON 0 in m r- m (N ON —4 O 00 ON m m vd 00 00 d- 00 
O < ed ed d* in m »n in t> rn m in ON <N Tf m m Tf cn d* in 
d 
O m t> r- 00 vo TI- vO 0 00 in ON m r- 00 0 ON ON ON ed ON vo r- 00 





H Tf in <N m m vO vo 'd- ed 
a 
<D cn —1 VO —4 <N ON Tj- 0 00 in 00 O 00 rN »n r- 00 00 VO in r- ei S 
a o <4^ > cn cn cn VO ,,d' m m 00 VO 00 vo cn en »n ON rd cn m Tf in —- — ed 
o g 
o 
O < cn (N ed 
o .2 
^ s 6 in 0 O m m 0 0 >n in O in in «n in 0 O 0 in in cn in 0 0 «n 05 
ce — d > VO d- in 00 m «n VO <N 'd- in vo VO n ON in ON in •n ON ed Tf ed Tf 
H E 
0 < 
ed Tf e- in <N 'd- VO r- <N m 00 ra <N m m cn d- Tf d- Tf 
d 
O 00 cn m O in vo vO O 00 0 O 0 0 O -d- cn 00 O cn 00 
C4Z /—S ed cn ed «n r- <N O VO -H 00 0 rr 0 0 0 m -H cn O O cn 00 (4- so 
0 b 
d- ON VO VO l> VO r- (N VO <N 00 ON 0 r- r- 00 d- in 
VM <*> 
0 0 O 00 0 m r- O m m O m m O 0 »n in in m m O in O 00 
<u 
<N o <+* > cn e* in cn m <N *n m CN <N —1 «n —H <N ^T r- <N ed ed O ed —- 0 
d 
cd O C 
a .2 
1) c 
<U S V O in 0 0 m O 0 in in 0 O m «n O in 0 O in »n O »n 0 »n O 
d > S e- 00 in 00 r- m vO »n 00 in <N in O m cn cn d- in e- d- 
C/3 M O < ed 
O ON ed ed cn o\ 0 -H ON VO »n 0 in 0 in 0 ON ON ed ed in vO ON 
^ /~N cn ON ON ON vo m 0 ON m 00 i> 0 in r- t> vo 'd- 00 cn ON n Tf 
SO 
O b 
d- Tf (N rs <N m «n in 
o a> (4- « 
VO VO »n ON VO (N vo O 0 0 ON CM in m 0 in m cn in - «n cn 00 
cd ^ 
(4-i d 
VM > cn O Tf cn m VO m VO 00 r~> O fN m i> <N r- Tt vo 00 ej e4 




-2 S 6 
d > 
in O 0 in O O O «n O »n in O »n in 0 O in in in O in O »n 
O 3 VO ed in ed <N vO 00 m r- O ^r vd vd m d O _ d- vO cn d r- 
^ z: O < ed 00 Ti¬ r- m Tf m m r- m in ON <N <N Tt m cn rt d- d- Ti¬ in 
0 — <N m in vO r- 00 ON 0 Cd en Ti¬ 



















CM vO rf VO 00 vO 00 vO vO vO vO CM CO 00 00 CM o o o o 
00 to 00 o 00 -H o CM CM o 00 ON ON CO 00 to 
CM M- CM CM CO CO CO 1—H CM CM CM CM CO CO CM 
o Tf ON o ON CO CO to 00 00 fN CO M- Tf VO CM o o o 
co o vO rf © ON CO to «o CO CO ON ON oo l> VO vO o 
CM ,"H ,-H 
o o o O O o to •o o o to to to o to to o o o o ON 
VO to Tf CM ON to ON 00 00 r- —. r- o CM CM ON 
rM Tt Tj- CM to O’ CO M- CO M" CO CO CO M- to to CO 
VO 
CM Tf CM Tf o l> to ON o 00 00 to o l> r- ON VO 
NO l> 
00 Tf tO VO 00 to ON M- CO CO to o o 00 VO ON 
—* CM CO CM CM CM 
o 
ON VO o CM co r- o o o o to M- to to M- r- CM 
o CM co ON to to M- ON ON CM CM 00 00 r* ON o ON 
to »0 O tO O O o to to o O O to to o o to o o o ON 
CM ON O r- O ON 00 to 00 to to to VO ON CM vO 
CM to vO CM rf co CM to «o vO V0 CO M” CO M- VO VO 
ON <N to O CM 00 to M" M" o o l> l> o o CM 
00 00 r- o —< ON 00 M* ON — ON to 00 00 VO M* *-« ON 
CM co r"
H 
co Tf CM CM CM CO 
o Tf r** o o 00 to CM to Tf r- to o o 00 CO ON ON Tf 
VO CM co 00 ON to to o to to CO CO o o ON to to to 00 




o to o O o to to to o to o o o o to to to o o o o V5 
CM VO vO ON vO »o M- vO CO o r- o to to to VO M- CO CO M- w 
CM co VO CM Tf CM CO to VO VO CO CO CO rt* to to M- JS wG Cl) 
co o co Tf O co 00 o M- vO o o CO 00 C-* o r- , , co a 1) 
c 
<u 
to tO vO vO o o ON CO VO vO CO to to c^ CO r- 00 (A <D -C 
03 
JG 
00 ON co vO to 00 00 to CM vO VO r- 00 00 00 to M- M- to 
*3 
a -o 
ct 1) VM 
o u 
to ON o c- o co to o 00 r- CO CO CM o o o ON VO o o ON o Ifl C/2 
TT <N CM M- 
- 
co co M- 
- 








o O in O o o »o o o o o o o o to to o 00 to »o u ct > V 
> 
2 r- co to r- CM rf- TJ- to 00 r- to to CO CO CO to M- 00 00 VO 
00 
c 2 00 
2 
•3 ‘JZ 
vO —* —* co ON CM vo to r- vO 00 00 o o o o ON ON VO VO CO sC D V CO 
as w. 
V 
to vO O co ON M- to ON M* to to o 00 CO CO ON o CO u CD CG 
CM CM 
—« CM CM CM CM CM VO CM CM CM Jc u V 
oo > > 
— < < 
to © VO r- to O co CO 00 O CO CO CM ON ON 00 CM vO — 
r- CM CM CM rf —< M- Tf VO T* Tf M- CO VO VO VO to CM CM o < 1) 
*-* *-« 00 ’—1 1—1 1) > 
'6 < < 
o to O to o O o »o to o «o «o to »o o o o o o o CO o 2 o o 
to 00 CM CM 00 00 r- r- ON to to to vO o o M- r- VO vO to 
CM 
—• rf VO — M- CM CM M" vO CO CO Tf o CO CO co CO to to M- 
1) 
to vO r- 00 ON O CM <o M" to VO r- 00 ON o CM CO M- > 









































I wish to express my appreciation and gratitude to several people 
who contributed much time and effort to the realization of this thesis. 
Without their constant support and insight, this research would not have 
been possible. 
First, I would like to thank Dr. Dorothy L. Fowles, my major 
professor, for her guidance, time, and patience. Her willingness to 
provide assistance during this research is greatly appreciated. I also 
wish to express my gratitude to Professor Frederic Malven and Professor 
Bruce Bassler for their suggestions, involvement, and support as 
members of my thesis committee. 
I would like to especially thank my parents for their love, 
encouragement, and support. 
Finally, I would like to thank my husband for his continual 
encouragement. Without his prayers and encouraging words, the 
completion of this thesis would not have been possible. 
